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Thb object of this 



leaJin 



8 is to briog into one focns the 
esent position of t 



g features and present position of the most i: 
portant indnstries of the kingdom, so as to enable the 
general render to comprehend the enormous develop- 
ment that has taken place within the last iwenty'^ol^.-* 
thirty years. It is evident that ihe griai inardase '-in ' 
education throughout the countiy'- has 'tended Iftt^y 
to foster a simultaneous interest in-'teci^_tpal.£il«w-. 
ledge, as evinced by the spread of" Art. t^ad Spvavi't! 
Sohoole, Trade Musenms, Interna jpoilaX.'EthiDitibns, 
&o. ; and this feet is borne out by a pemaol of the 
daily papers, in which the prominence given to every 
improvement in trade or machinery attests the desire 
of the reading public to know more about these i 
matters. Here, however, the difficulty commences, for 
the only means of acquiring tliis information are from 
handbooks to the vai'ions manufactures (which are 
usually too minute in detail for general instruction), 
from trade joitmals and the reports of scientifia 
, Booieties ; and to obtain and systematize these scattered 
a labour and a tax upon time bed. -^je&va 
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iv PREFACE, 

which comparatively few persons care to snrmount. 
In these volumes all these facts are gathered together 
and presented in as readable a form as is compatible 
with accuracy and a freedom from superficiality ; and 
though they do not lay claim to being a technical 
guide to each industry, the names of the contributors 
are a sufficient guarantee that they are a reliable and 
standard work of reference. Great stress is laid on 
the progressive developments of the manufactures, and 
the various applications to them of the collateral arts 
and sciences ; the history of each is truly given, while 
• . jj^resent processes and recent inventions are succinctly 

/:*Aimit)k$. \ : ..^^^ 
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Of all the British Industriee, the one of the greatest 
national importance is unquestionably that of ship 
building. Indeed, it is not too much to say that ship- 
ping is Britannia's backbone ; and that all her other 
industries depend for support mainly upon that back- 
bone. 

This fact has contributed, under Providence, more 
than anything elso to the wonderful strength and 
prosperity of Old England ; iind although it cannot 
be denied that "dry rot" ia just now showing itself, yet 
a timely removal of tho infected parts (a matter easily 
accomplished) will speedily restore its wonted dura- 
bility to the stout frame, and enable Britannia to brave 
and overcome at least aa effectually as of yore any 
tempest that may be destined to oveitake kei in future 
years. 

In plain English, it ia iiapQe&\\iVia 'w e 
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importance to Great Brituia of her Bhippisg, and e 
BBqnently of sLip buildiog; indeed her very e 
depends on tlio way in which this " induatry " Ib de« 
with. It is recorded of Alexander of Mocedon, mai 
than 2200 years ago, that he first hiid down the p 
ciple that " the conunand of the aea enBor 
Beesiou of the land," Two hundred years later, t 
great Bonmn orator and Etatesman proved how v 
he onderatood the value of the sovereignty of the Bi 
by anch words as these : " Qut teaeat mare, e 
est rerun) potiri." Nearer our own time, the words fj 
Cicero were thns paraphrased by an illastrions Englif 
sailor, Sir Walter Ealeigh : " He who core 
sea oommandB the trade of the world; and he who 4 
commands the trade of the world commands the riches j 
of the world, and consequently the world itself." 

The sentiment enshrined in the words of the MaoOf-f 
donian, the Boman, and the groat but hapless £ngliBb<l 
man, is espreseed in tho preBent day after the folIoW'f 
ing feshioa, " Britannia rules the waves." Tho moi 
this ceases to be the case, the downfall of Eng 
becomes merely a question of time ; and for this 
simple reason, that the produce obtained from I 
cultivated area of the kingdom is altogether insufficien 
to supply even a third of the population with the comi 
monest neeeBSarics of life ; and having lost the com 
mand of the sea, having ceased to " rule the wavei^"^ 
with internal discord rampant amongst a divided,! 
furious, and starving population, England con be 
blockaded and cut off from her food supply with s 
maoh oertftialr aa Mete <g Paria, leading to a result 
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r cot (lifGcnlt for the moat tbonghtlesB to foresee — uncoii- 

I ditional sarronder. 

To keep open the approachea to our isloiid liome is 
n matter of paramount necessity ; to do this we maet 
have ships, merchant ships as well as fighting ships: 
the art of ship building therefore ought to take the 
firet rank among British industries, and its practii 
should be encouraged in every possible way. Would 
that it wore so 1 

We find architects rewarded for buildings of ques- 
tionable taste and undoubted discomfort ; but English- 
men do not seem even to care who designs th( 
structure upon which their very being depends. 

It is not proposed on the present occasion to devote 
the limited space at command to a lengthened disser- 
tation on the practical application of the art of ship 
building : but rather to bring under one point of 
the principles which should guide the art, and also the 
present position of this the first of national industries, 
uid thus to give the student a zest for closer investi- 
gation ; in fact, to create in him a true interest 

' craft — a feeling more likely than any other to promote 

L its real and permanent prc^ress- 

I Sir John Brown plagiarised a saying of Bacon when 
Ite attributed his success in increasing the 
efficiency of iron plates from the supposed 
of 4^ inches in thickness to 20 inches, to " working by 
the rule of thumb, finding out from day to day the 
way to accomplish his desire," 

It is even so with the history of ship building. Tlia 

. successful ship builder has mteWv^fttft.^ iiKn:\sA- •sji 
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the eiperience of centurieB, gained by a patient work- 
ing at tho rule of thumb, judiciooBly applying prac- 
tical knowledge and ekill to the development of his 
art, theories to the contrary notwithatanding. 

To this we may attribntc tho eiccllonce to which 
ship building bad attained Bome years ago, an ezoel- 
lonce which has since suffered u palpable fulling off, 
in BO far at all events ae regards the shape and good 
qualities of the bull of tbo ship. 

That science has indirectly contributed towards per- 
feoting the machine called a ship, no one will attempt 
to deny. But it is equally certain that the art of ship 
bnilding has been indebted little by littlo during the 
last five thousand years for the various improvements 
which have marked its progress to the genius and in- 
telligence uf practical men, in spite rather than in 
coQHeqnence of so-called improvements, from time to 
time foisted upon it by outsiders in science. It would 
indeed be a hard task to name any given improve- 
ment, which has originated solely from pure abstract 

The truth is, that the business of ship building ia 
followed most successfully by those who weigh every 
Bo-called scientific theory by practical experience before 
adopting it ; for after all, tho really useful qualities 
of a ship mainly depend upon the practical experience 
of those who design and build her. 

That is just the weak spot in oar war ships; and the 
responsibility for the present unsatisfactory condition 
of the British Navy rests, and will continue to rest, 
on the naval authorities ; solely because, instead of 
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pursuing tbe safe and prudent course, ihoy have 
utterly ignored the lessons of the past, and have 
blindly allowed themselves to be led away by self- 
constituted " oracles," absolutely without practical, 
and to a great extent without even theoretical, ex- 
perience. 

With respect to the shipping composing the mer- 
chaat navy, here again the safe teachings of ptaotiee 
have been widely departed from ; long, narrow vessels, 
reaching commonly ten timea their beam, have been 
buUt, while empirical (not to say dishonest) tonnage 
Inws have only too snccessfuUy performed their part 
in bringing about the deterioration of our ships ; a 
fact made snCSciently notorious by the appalling losses 
which yearly take place, amounting to an annual 
average of about 1000 ships, from which no less than 
4416 Boamon and passengers were lost between July 
1873, and June 1874, a serious increase since Mr. 
Augustus Creuze, a well-known naval architect and 
surveyor at Lloyd's, wrote in the ' Encyclopffidia 
Britannica,' that " the startling fact that one ship and 
a half is the average daily loss registered on the books 
of Lloyd's, appears as a aad corroboration of the 
acknowledged truth, that the mercantile navy of Eng- 
land ia the lea£t speedy and the most unsafe that 
. .belongs to a civilized nation." 



BIllP BVtLDISG 



History. 
ConsidGrable attention has slceady boen devoted 
to inveetigating tbe origin of ship building, and 
much researcb and great looming displayed ; bat 
it doee not come witbin tbe scope of an essay to 
follow this course ; every page woiild bo absorbed in 
merely setting fortb the probable manner in which 
primitive man, obeying the instinct implanted in him 
by the Great Creator, to "have dominion over the 
fiah of the sea and the fowl of tho air, and every 
living thing that movoth upon tho face of the earth," 
first of all discerned that his body was sufficiently 
buoyant in water to float for a considerable time, and 
then found out how simple and easy a matter was 
swimming. The nest discovery was, that a log of wood 
would keep him afloat without any effort of his own, 
and that when a few more logs were added and lashed 
together, a safe platform was created, upon which he 
could transport himself from point to point on river 
or sea. From the raft to the hollow trunk of a tree 
or the canoe is an easy stop, from which naturally 
I uose Ibe built-up boat, enlarged from time to time as 
I required, until at last it grew into a " tall shippe." 

Any sketch of the rise and progress of ship building 
in the Old World, from the log of pre-historic man to * 
tho built boat, is of course conjectural ; but the dis- 
covery of the New World enables us to form a correct 
idea of primitive naval architecture. 

Columbus, writing on the 15tb February, 1493, says 
that "the people of this island (^ElB^aaWj'assfe'msst*^ 
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Cftnoes propelled by oars, eomo of them large 
others Email, and mauy of them with eight or 
paddlee of a Bide, not very wide, but all of one 
and a boat caanot keep way with them by oara, fo 
they Eire incredibly fast. I haTo seen some of 
canoea with sixty or eighty moo in tbem, and eaohi 
with a paddle." 

To this day the New World posaesseB a rich diver- 
sity of aboriginal naval architectare of the primitiTtt 
type, admirably adapted for the locality in which it is 
found, but nevertheless in no instance amounting to & 
built boat. The Esquimaux kayak is the nearest 
approach ; tbe skeleton ia built up of drift wood, whale 
and other bone, and then neatly coTored with dressed 
skins ; a round hole made in tho centre admits tho 
man's body, and in this frail craft he goes to sea in 
the roughest weather, in pursuit of white whale, seal, 

&0., &Q. 

The bark canoe of the North American Indian also 
deserves attention, from the amount of skill required ia 
ita construction and management. For river or lake' 
navigation, the lighteBt material ia needed, and n0 
primitive ingenuity could have hit upon anyttdng 
better adapted than the bark of a tree for the pi 
posea reciuired. 
• The canoe of Vancouver's Isliind is perhaps the 
finest for ita size, beautiful shape, speed, and sear 
worthy qualities ; but beyond queation, tho balza or 
raft of Colombia displays in tho highest degree the 
ingenuity of primitive man ; so eicoUent is tho method, 
employed to steer theae rafta, that it is surprising that. 
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it haa not boen copied noarer home, tens of tiiousands 
of lives might have beoo saved by the adoption of 
this simple contrivanco. The following aceonnt of the 
balza is taken from an old Spanish narrative of a 
voyage to South America in 1745 : 




" These jangadits or rafts are culled balzas, from Balza, the 
name of the tree of wliich they are made. They conaiat of 
five, seven, or nine logs, by the Darien Indiana called Puero. 
The balza ig a whitish spongy wood, and so very light that a 
boy can easily carry a log four yards long and a foot in 



" The pnero trees of which the balzas are built are twelve 
or thirteen toises long, reckocing 6ve feet to the toiae, aad 
two feet or two and a half feet diameter ; bo that the whole 
breadth of nine logs, of whioh some of them consist, is between 
twenty and twenty-four feet; and those of seven or fewer 
logs are proportionate. 
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" Those logs are rastonod Ui each other only by the bejuoos 
or withiM, with which the cross It^s nlso are lashed lo them ; 
yet BO securely as never to give way if not worn out by long 
use ; though in their voyage to the coast of TuraW i 
FaytA Che Hen runs very high. . . . 

"These rafts work and ply to windward like a keeled ti 
and keep their course before the wind almost as exactly, w 
is the effect of another contrivance besides the rudder : i 
large planks, three or four yards long and half a yard b 
called guarea, are set up vertically at the sleni, and also ft 
ward between the malu It^. By pushing some of theee lu 
the water and taking others a little up, the doat sails larg 
bears up, tucks, or lies to, according as the machine is worked 
an invention which has hitherto escaped the aouteness of 
most ingenious Europeans ; and though the Indiana Im^ 
indeed contrived the instrument, yet they are utte 
to the principles of mechanics, and the causes of its operation 

"Had it been known before in Burojte, the los 
lives in shipwreck might have been prevented, as appears b, 
the following among many other iostances : in the year 1730 
the 'Genouosa' ship of war being lost in the Vivora, ti 
mariners made a jangadn or raft to save their lives, but n 
carried by committing themselves to the winds and c 
without any steerage ; and the frequency of such melanchoM 
events induces me to give a minute explanation of tihis ii 
mont from a memoir of Don Jorge Juan relating U 

Oaptaiu BaBil Hall aaye that b balzo, Buch as c 
Boiilied above, worked to windward of H.M.S. ' Conway,4 
nnder hia commnnd. 

However much we may admire tie clever adapta 
tion of the moans at their disposal to the exigencies o 
the locality in which they resided, it seems ( 
that at the time of the discovery of Americ 
aborigines had nowhere on the continent arrived Ml 
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the cut of building up a vesecil, and this can b« readily 
accounted for by the fact that the requirements of the 
people, so far as fishing transit and traffic were oon- 
ceraed, were amply met by tlie simple contrivances of 
the kayak, canoe, or balza, in tteir respective localitiee. 
Navigation, in the broad sense of the word, was un- 
known ; there was in short no necessity for venturing 
out of sight of land ; and without such a stimalus it is 
not to be wondered at, that uo advance in the art of 
ship building had boon msde in the New World. 

To return to the Old World. The first record we 
have of a built vessel is found in that Book of books 
the Bible, at a period dating backwards more than four 
thousand years. Noah's Ark is thus described in Gen. 
yi. 14-16 : 

" Make thee an ark of gopher wood ; rooms ahalt thou make 
in the ark, and sbalt pitch it within and without with pitch. 
Aad this is the fashion which thou shalt make it of: The 
length of the ark shall be three hundred cubits,* the breadth 
of it fifty cubits, and the height oF it thirty cubits. A window 
shalt thou make to the atk, and in a cubit shall thou finish 
it above ; and the doer of the ark slialt fhou set in the side 
thereof; with lower, second, and third stories shalt thou 

It is not a little curious that the word nnn (Ark) 
occurs only once again in the Hebrew Bible, Bxod. 

• Tlia esdot lengih of tlio cnhit \s noeBtioned to IJiiB day. 
Newton places it at 20'62S inches, while Wilkiss conaidera it to 
be mere than an inch longer, vvi. 2rSg inches. The roeoenre 
with the Jews was that of the forearm, and niiiy have been more 

leS9 than that of mankind at the pleEent day, for all we Icoow 

the cootcary. 
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ii. 3, about 3600 years ago. In both inatonces I 
term is asod to designate a vossel for BnviDg life; id 

etymology however is unknown. 

In 'the cose of Noah's Ark, the dimeneions are E 
gulaily near to thoBo found in practice as well suite 
to vessels destined for serrice in gmooth water, viz. f 
times the beam for length and one-tenth of the length " 
for depth. 

It is mentioned by Oertima commentators, that Peter 
Janaen in 1609 built a vessol of the eanio proporti(mM 
as the Ark, though amallor, viz. length, 120 feetd 
width, 20 foot ; depth, 12 feet. It was found motfl 
oonveniont for stowage, containiiig one-third mo]M| 
freight than ordinary vessels of the some tonnage^ 
thongh it was unsuitcd for making way quickljfl 
through tho water. ■ 

Later still, in oor own time (1855), Captain Pebfl 
cock, R.N., built on iron ship, of which he says : fl 

" She was 180 feet between the perpendiculars, 30 fe^^l 
beam, and 18 feet deep; that ia, six timus the beam frtB 
length, and oae-tentb of the length for depth : 200 feet ovmM 
all, including cut-watei and OTerbaug aft; she was perfeoUjB 
flat on the inner floor or ceiling, the rise being one inch ^S 
the half breadth on fifteen, inches, which woa the depth olH 
keel, the top angle irons tapering oS to notJiing at the suddoS 
turn of the bilge ; half an inch in the foot for beam, the end^l 
forward and aft very sharp. The npper deck beams wer^B 
braced with {-inch plates ninuing fore and aft amidshipafl 
2 feet wide, and a series of diagonal plates, 9 mches widajfl 
crossing each other, Ihe end being riveted to the wing sbelfS 
plates, aud all riveted to tho beam angle irons, at the croa»-fl 
ings, and to the midship bracing plates. She had iron maatBil 
aod iron lower yarift jao iiiim tjowtprit, all fitted fbi ven^H 
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lating. The ship turned out a good one, and sailed remark- 
ably well ; slio has beeu in tiie Kew Zealand trade ever Eioce 
(twenty years), and is still miming, sound and good as on 
the first day she was built. The bottom has always been 
kept coated with Peooook ajid Buchan's composition, and the 
cabins, between decks, topsides, boats, &c., with tbe No. 3 
compoeition, Which has been proved to be the best composi- 
tion for ships' bottoms dining the same lengthened period on 
board H.M.S.' Himalaya.'" 

After the Flood, b.o, 2384, we may aeanme that 
ship building extended itself to all parts of the known 
woild. The Greeks, the most ancient of Enropean 
nations, who date thoir history as fax back as the 
eighteenth century B.C., paid great attention to ehip 
building ; hut even with this wonderful people, progreBB 
in the art was necessarily slow, and many a centniy 
passed anay before their vesBela reaohed beyond the 
rajik of row-boats, even that very doubtful craft the 
ship 'Argo,' B.C. 1263, canonized as a constellation, 
has never been described otherwiso than as a large 
vessel propelled by fifty oars. Through the whole of 
Solomou's reign, B.o. 1015-975, this stylo of build 
continued, and it is not until about b.o. 688 that we 
arrive at the first distinct mention of a sailing vessel, 
as alluded to in Ezek. ssyii. 7 ; " Fine linon with broi- 
dered work itom Egypt was that whicb thou spreadest 
forth to he thy sail." But even from this period mitil 
the Christian era, the progress in the art of ship 
building continued to be very slow, the compass 
was still unknown, even the rnddor had not been 
invented ; while the principal motive power was ■«&- 
donbtedly the oar, mode oi oat, a. \iea."J'^ , tNas&tiwnss^-- 
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and uncertain mode of propnlsion, capable of ap^i- 
cation for even moderate distances only by forced 
labour. It is not to be wondered at therefore tii&t 
the ancients never ventured out of sight of land ; and 
aa they were conaequeutly unacquainted with the art 
of navigation, the type of vesBel suited for coast 
service remained unalterod &om age to age. I 

The Greeks undoubtedly carried off the palm in tiujfl 
ship building of that day, their galleys for beauty ofl 
form and speed were then unequalled. They weiiB 
also the best sailors, and to this hour tetaia thaH 
character in the Meditenanean. fl 

Some description of the galley, erroneously callaqH 
the Soman galley (obTiously a copy of that of tttiH 
Greeks, used by that wonderful people, a thouBaiaH 
years before the BontauB had a national eiistencejH 
may not bo uninteresting ; as, after all, it is the fypfl 
of vessel which, for so many ages, maintained a pronflB 
pre-eminence amongst the nations of antiquity. H 

In very early times the galley was little better thaijB 
an open boat ; indet.'d, even so late as the battle cS 
Salamia, B.C. 4S0, Plutarch states that the largesfl 
Grecian vessel carried only eighteen soldiers, exclnaiwJ 
of the rowers and sailors. But, little by little, imptovftfl 
ments were effected, such as beams, gunwales, anjH 
ultimately docks, invented by Cimon about B.o. 450jfl 
The galleys consisted of biremes, triremes, quadivifl 
remes, up to octoremcs; while some have had tbM 
hardihood to declare, that a ship has been built witlJ 
forty banks of oars. I 

Abont the meouing of the term rems there has be^J 
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much learned diepntatioD, uuBottlcd to this day. It is 
gravely asserted that tho rowers were placed in powB 
or tiers above each other, and the gi'eat effort on mhicb 
mnch ingenuity has heen displayed, seems to be to 
account for this impossible state of affairs, instead of 
overthromng it altogether. For, to take the extreme 
case, the uctoreme, it is quite clear the rowers must 




1 

I 



)iBve required not loss than 4 feet headroom for each 
row, or at least 4 feet &om the water Une, necessi- 
tating a length of oar even to touch the water (sup- 
posing the rowers to keep hold of the loom) of more 
than GO feet in length— how worked no one can tell. 
The confusion may have arisen from some mistake of 
the translator, through sot understanding nautical 
terms ; indeed, the following rather curious instance 
of incorrect translation strengthens this surmise. In 
n of Ptolemy'a aM^ 6t\\i ei\aa&,'flE«i Hsssia- 
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Utor mentions amongst other wunderfnl circometances 
thot the eliip was furnisbed with fountains, gardens, 
and theatre, and /our markets — the words " quatuor 
form" meaning four decJcg, having been mistaken for 
the plural of forum, a market I The t«rm probably 
refers to the number of rowers at each oar, and not to 
the number of tiers of rowers ; thus a biromo would 
hive two men at the oar, or, to nse a common eiprea- 
sion, the oar would be " double banked" a trireme 
three men, triple hanked, aud so on. And this idea is 
strengtbened hj tlie fact that tho galley increased in 
length in proportion to the number of its rowers : thus 
a bireme was 90 by 10, with two men on each aide 
(she would have capsized with two tiers of rowersj : 
trireme 125 by 13, with three men on each side ; 
quadrireme 300 by 35, with eight men on a side ; in 
which COBS, if tbe banks or tiers had been above each 
other, then tho centre of gravity of the octoreme would 
have been more than 30 feet above the water line, and 
therefore her proper position in the water would have 
been bottom upmost. 

Whatever may be the worth of the idea sketched out 
above, it is thrown out for the thoughtful consideration 
of the learned in these antiquarian researches ; but it 
may be added, that it is at ull events singular that no 
Egyptian, Assyrian, Greek, or Roman monument repre- 
sents a galley of more than one or at most two tiers of 
oars. It is true that a Roman painting found in the Orti 
Pamesini gives a galley with three tiere, but hitherto 
no authentic record of a galley with more than one tier 
of ooTS has been found. 
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The next step in ship building is from the galley to 
the Hailing tobsoI. 

Aa commerce extended, it waa Boon diacoyered that 
little dependence could be placed on tho row galleys 
for carrying freight. In the first plmjo, the space for 
cargo was very limited, and there were other objec- 
tions of no less moment. A larger voaselj a vessel of 
burden in fitct, naturally came into nse, wafted on her 
course by sail power, althouglx in some instances atill 
fitted with a few oars for calms, just as some of the 
vessels in the Spanish Armada, and, later still, the 
brigs of war employed on the coast of Africa in our 
own time, aro supplied with sweeps. 

The description of one of these vessels will suffice 
for all tho rest. Take for instance the ship in which 
St. Paul voyaged from Myra to Malta ; this famous 
vessel was wrecked in tho first century of our era, 
A.D. 70. The size of ancient sailing ships was by no 
means inconsiderable ; of course there were small and 
large, a coaster, for example, such aa the vessel of 
Adramyttium, which carried St. Paul from CiDSarea to 
Myra ; and vessels of at least 500 tons, such as those 
engaged in the Aloiandrian wheat trade, in one of 
which he was wrecked. 

The ships of that day had only one mast, upon 
which was hoisted by means of large heavy gear a 
huge square sail. With such a lever, it is no wonder 
that they tore themselves to pieces in a heavy sea, 
opening their seams, leaking, and often foundering. 
To remedy this defect " under girders " were naed ; they 
were simply etout ropes passed rouadtkeshi^^'CDjRwsK^ 
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ships and set taut on dock, thus keeping tlie veesel 

The same plan is adopted to thie day, when 
ft ship Las been Bcvorely strained in beovj weatlier. 




Tha rudder had not then been invented, d 
was the idea of hanging a " Bteering oar " to the stem- 
poet thought of; at least there is not a trace of any 
such invention to be fonnd for more than a thousand 
years after St. Paul's shipwreck. The steering ap- 
paratus was but a huge oar thrust through a sort of 
hawse pipe on each (quarter ; and, when not in use, these 
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oars were no doubt triced up to the ship's side. This 
Beems to Iiave been the cose during the fourteen days 
St. Paul's ship was drifting &om Claud* to Malta, for 
it is espreesly stated in the nanative, that when pio- 
parations were made to ran her on shore, the rudder 
" bands (or tackles) were loosed," no doubt in order to 
steer the ship into the " certain creek." Thus it will 
be seen that the e&iling ships of the ancients, althongh 
nnquestionnbly primitive, were by no means to be 
despised ; and when managed by skilful shipmen, in 
possession of good chnrts, fully answered the require- 
ments of the commerce of that age. They could beat 
to windward, and were able to sail seven or eight knots 
an hour with the wind at all favourable, and no doubt 
carried a heavy cargo. 

The earliest record of charts constructed for " ship- 
men " is about A.D. 150. One Marinas, of Tyre, 
seems to have been the father of hydrographera ; bnt, 
no doubt, rude delinoationH of coast lino were in use on 
board ship long before his time. Even the Esquimaiw, 
when visited by Parry in 1820, were found sufficiently 
intelligent to sketch the outline of the land some con- 
aidferable distance from their habitations; how very 
unlikely then, that the highly civilized auoionts were 
unacquainted with cosmography centuries before the 
period when Marinas flourished. 

The history of the rudder is very similar to that of 
the mariner's corapass, and is another instance of how 
closely tho progress of navigation is connected with 
that of ship building. Indeed, tho invention of a 
na atical instnunent like the compasB wsa ja«>t \W -s«^ 
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stimnlas needed to develop the ancient steering paddle 
(which had answered the mariner's purpose admirably 
for 3000 years, whilst his navigation was confined 
to creeping along shore) into the hanging rudder. 
This, however, became a necessity as soon as ships ven- 
tured boldly out on the ocean ; for no crew would have 
the physical endurance to steer by manual labour day 
and night, in all weathers, by the paddle only ; in &ct 
ships imder certain circumstances, such for example as 
scudding before a strong wind, would be simply un- 
manageable by paddles alone. 

There is no record of the actual inventor of the 
rudder, any more than of the mariner's compass. The 
earliest authentic notice is that on the seal of the city 
of Damme, a.d. 1328. This seal contains the picture 
of a ship, at the stem of which is the rudder with 
pintle and gudgeon, a tiller over the rudder head. In 
England its use cannot be traced with certainty earlier 
than about the middle of Edward III.'s reign, a J>. 1350. 
But there are manuscripts of a much later date in 
which ships are diawn steered by the paddle, so that 
doubtless many years elapsed before the rudder came 
into general use. It was probably not until the close 
of the fourteenth century that the rude seamen of that 
period were familiar with it. It is remarkable that 
exactly the same manner of hanging the rudder by 
pintle and gudgeon, as is shown in the seal of Damme 
is still in common use 550 years later. 

For more than 1000 years, St. Paul's ship continued 
to be the type of vessels employed in carrying the 
commerce of the world. Some improvements may 
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indeeil be mentioiied in regard to tlie rigging, and in 
the use of additional masts, wliich, by distributing the 
strain, obviated in eomo meaRUro the necessity of under 
girding; but beyond this no decided step in advance, 
conduoire to either speed, safety, or seaworthinees can 
be mentioned. A new era, however, was about to dawn 
on Eoaforing matters, destined to give a greater impetus 
to ship building than it had over before receiyed. The 
well-known property of magnetic iron ore was dis- 
covered to be applicable as an unerring guide for 
Tessels on the ocean ; and henco the invention of the 
mariner's compass, without which, humanly speaking, 
ships must have continued, century after century, 
fashioned very much in the same manner as they had 
been for the preceding 2000 years. 

The invention of the mariner's compass and the 
rudder, about the beginning of the fourteenth century, 
forms perhaps the moat imjiortant chronological pivot 
in the history of ship bmlding. It would have been as 
absurd to attempt to make a long sea voyage without a 
rudder as without a compass; but the latter onco 
obtained, there was an unerring guide by day and by 
night, in atoiin, sunshine, and fog, ; 

There has been much controversy as to the date of 
this invention. Flavia Gioja, a native of Amalfi, is 
asserted by the Italians to have been the inventor, 
A.D. 1300 or 1320, He may have effected great im- 
provements in the compass as a nautical instrument, 
bat it had been used at sea off the Syrian coast several 
years before, as related by Bailak Kibdjake, "sVii 
i dosoribeB it in the following terms -. 
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" The captuJuB wLo uavigate tho Syrian sgb, when 
the uiglit is BO dark as to concGal from view the stars, 
which might direct their course ftccording to the poBi- 
tiott of the four cardinal points, take a basin full of 
water, which they shelter from the wind, by placing it 
in the interior of the vessel, they then drive a needle 
into a wooden peg or a cornstalli, so as to form the 
shape of a croas, and throw it into tho basin of water 
prepared for the purpose, on the surface of which it 
floats. They afterwards take a loadstone of sufficient 
size to fill the pulm of the hand, or even smaller, bring 
it to the surface of the water, give to their hands a 
rotatory motion towards the right, so that tho needle 
turns on the water's eurface ; they then suddenly and 
quickly withdraw their hands, when the two points of 
the needle face north and south. They have given me 
ocular demonstrotiou of this process during our sea 
voyage from Syria to Alexandria, in the year 640 " of 
tho Hegira = a.d. 1262. 

If further proof wero needed that ttero is nothing 
new under the sun, this would be found in " the latest" 
improvement, tho liquid compass, which would seem to 
be only a copy of that described above ; except in so 
for, that it is dressed in a better garb than the primitivo 
baein of 600 years ago. 

The invention of the mariner's compass must not, 
however, be confounded with the discovery of the 
directive power of the loadstone, known in mineralogy 
as a magnetic iron ore, which consists of ono equiva- 
lent of protoxide and one equivalent of eesquioside of 
iron (Fe'" "^ " " Its attracting power was known at 
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ft Tery early period ; indeed there Boem good grounds 
for supposing that the Chinese were aware of this 
propeitj more than 2000 years B.C. 

This attractive power ig also mentioned by Homer, 
B.o. 950 ; Aristotle, B.C. 340 \ and still more parti- 
cularly by Pliny, a.d. 70, who speaks of the ignorant 
calling it Ferrv.m ciouw, or " quick iron." 

Thus it will he seen that more than 3000 years 
elapaed from the discovery of the property of certain 
iron ore, na a sure means of keeping a ship's head 
in the desired direction, before the immense valoe of 
that property was realised and applied to a practical 
nse, unequalled by any other agent of Providence in 
advancing the civilization of tho world. The whole 
face of eeafaring matters changed ; the " shipmen " 
from being little better than serfs, hardy and bravo 
it is true, but still of the lowest order, became " sea- 
men" in the true boubo of the word. The whole globe 
was thrown open to their daring enterprise ; while thu 
sMpa thcrasclvcs, as practical esporience enlarged, 
steadily improved in all those qualities which consti- 
tute a seaworthy vessel. 

The doubling of the Cape of Gtood Hope (diamaUy 
named Cabo Tormentoso by Vasco de Gama, in 1497), 
and the discovery of the New World sufficiently attest 
the rapid strides made in lesa than a century is the 
excellence of the seamen and the good qualities of the 
ships. All Europe entered on the race, and the palm 
was, BometimeB with one, sometimes with another. For 
instance, it was foe long considered, that only the 
[nege could build ships capable of mlAukaxSicb!^ 
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tho hage waves met with in rounding the Capo, Then 
the ships of tho Spaniards became the favourites, until 
the signal defeat of the " Invincible Armada" (1688)^ 
in which were many shipa of the clomsiest and i 
unwieldy build. The Euglieb then became nndispntei 
masters of tho art, until the French proved the e 
riority of their ships, which superiority they have con- 
sistently endeavoured to maintain to the present time. 
In respect to our English ships of to-day, there is vast 
room for improvement, both in the navy and i 
oantile marine. 

The startling fact that Siree ships is the e 
daily loss registered at Lloyd's corroborates the hu- 
miliating truth, that the mercantile marine of England 
is less safe and seaworthy than that of any other 
dvilizod nation ; while, in respect to the royal navy, 
the fact that the casualties of late years nnmber font 
more than those to the war ships of all the Continental 
Powers put together, leads to the natural inference 
that its state and condition is ecarccly less discredit- 
able than that of tlio merchant shipping. 

At the end of tho Great War, our mercantile marine 
numbered 21,000 ships, of an aggregate tonnage of 
2,200,000— more than was then possessed by all 
Enrope. But in 1874, while our ships numbered 
24,828, with a tonnage amonntiug to 6,912,314, Eu- 
ropean tonnage far exceeded ours ; indeed. Free Trade 
has made such rapid inroads, that even in our home 
ports in 1870, of the total tonnage {36,640,182) 
entered and cleared, 11,568,002 was foreign. Instead 
of doing the carrying trade of the world, we have now 
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little more than two-thirds of our own. Indeed, 
our merchants themselves find it to their interest to 
employ foreign ships very largely. This depreciation 
would have heen felt to a much greater extent had 
not the American civil war almost awept the shipping 
of onr most formidable rival from the sea. 

Dnring the last century there was donbtloss some 
improvement in our shipping, but the present century 
haa witnesBcd greater changes than ever took place 
previously. These changes were brought about by the 
introduction of iron into ship building, and the appli- 
cation of steam power as a mode of propulsion. 

At the time these changes began to take effect, Boon 
after the first quarter of this century, the English 
merchant ship was no doubt in advance of the " clum- 
bongaya " employed during the Groat War. 

Among the ships of the royal navy some beautiful 
models and very efficient ships were to be found ; 
headed, however, it must be confessed, by the'CanopiiB,' 
a captured French two-decker, which excoedod ovary 
English ship in speed, steadineBS, and eflicioncy, as 
a maa-of-war. In the merchant sorvico it is only 
neceSBttry to mention the fine frigato-built ships of 
Messrs. Green, and other firms, creditable alike to 
owners and builders, and in which a seaman could and 
did take an honest pride. 

To a great extent this is now altorod by the revo- 
lution effected by steam, a change which has made its 
mark, not only on the ships, but upon the seamen them- 
selves. The keon competition of tho present day has in 

ly too many caaea elimincAei o,^ cobs^jswKvsos. ^wc 
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the Beaworthiness of the ship, if eueli considerfttions caJl \ 
for the espenditm'o of one nhiUing more than tho abso- I 
late necesBitiea of the venture demand, anj hence the I 
long, narrow" coffins " built by "the mile" as theeaying I 
is; while in lOBpect to the seamen, the mongrel c 
of unshipworthy mon which nowadays disgrace OOP I 
morobunt ships, form a serious blot on the escutcheon I 
of the nation. The trne sailor is habituated to con-1 
atant vigilance, and the escrcise of the best intelligence . 
at his command, while the so-called seamen of to-4ay, 
both officers and men, seem to have lost all the cunning 
of the craft, and to carry on their business almost as 
mechanically as the engines which drive their ahip. 
The British sailor has always been proverbial for his J 
thoughtlessness, and in this respect, and this only, ho J 
has remained nnaltered by those most revolutionary of 1 
all revolutionary agents — steam and free trade. 

An attempt has now been made to trace the history I 
of the rise and progress of shipping step by step, at 
each length as the limited space at command would 
allow; from the earliest period at which any lig 
be thrown on the subject, when indeed little but conjec- 
ture is to be found to guide the student in his studies, 
up to the present day, when we find the sea covered 
with ships, good, bad, and indifferent, and nationaj 
vying with each other in the great race of competi— j 
tion, straining every serve to possess tho most efficient J 
form of war ship for effecting the destruction of any 1 
rival with which it may come in conflict. 

It has been mentioned above, that considerable 
changes have taken place in this great British i 
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dustiy, ehip building, bj tho subBtitntion of iron for 
wood, and it may not here be out of place to give some 
accoant of the riee and progrees of tbe employment of 
iron in ship building. 

Iron seems to have been bronght into nae in 1787 
in the conBtrnction of canal barges. The first was 
70 X 6 X 8J J platea -j^, riveted ; stem, Btompost, and 
beams, wood ; gunwale lined with tho snme. She dis- 
placed about 8 tons, drawing 8 to 9 inches when light : 
she carried when fully loaded 33 tons. 

The first iron steam vessel that ever went to sea 
was the ' Awon Manby,' built under a patent taken 
ont in France, in 1820, by C, Manby, Esq. (present 
Honorary Secretary to the Institute C.E,), and the 
late Admiral Sir CharleB Napier, who navigated her 
from London to Havre and thence to Paris, without 
unloading any port of her cargo of linseed and iron 
castings. From 1822 to 1830 the 'Aaron Manby' 
required no repairs to her hull, although repeatedly 
on shore with a full cargo. 

In 182i Mr. Grantham, the well-known engineer, 
had an iron steamer called tte ' Marqms of Wellesley ' 
on Longb Derg on the Shannon. She was a twin boat, 
having a paddle-wheel in the centre, very similar to 
the present Channel steamer the ' Castolia.' In 1834, 
the ' Garry Owen ' was buUt by Mr. John Laird ; she 
was fitted with water-tight bulkheads, tho invention of 
, Mr. C. W. WiUiams. 

From this period the building of iron steamers and 

ing vessels has steadily increased, culminating, as 

1 the ' Leviathao,' ^uy«i i^li^^ 
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the ' Great Eastern.' She wae commenced in 18G3, 
■nd fislBked fuur years afterwards (see Froutiepiece). 
Her dunensiona are: between perpendiculare, 680 feet; 
upper dock, 092 feet ; beam, 83 feet; and, inclndmg 
paddle-boxes, 118 feet ; displacement at lansching, 
10,000 to 12,000 tons ; when fnUy laden, 25,000 tons at 
a draught of 30 feet. There is no keel, but a very flat 
floor ; her bottom, up to a few feet above the water lifle, 
is double or cellular, the space between amounting to 
84 inchea ; besides which, two longitudinal or wing 
passage bulkheatis run fore and aft for about half her 
length, a Bubatantiol protection to boilers and engines. 
This proved on one occasion her salvation, for having 
touched the ground, the damage was found to be most { 
extensive, while the repairs effected in New York were f 
nsoless ; the ' Great Eastern,' however, returned to Eng- I 
laud with a big hole in her side with perfect safety. 

Iron has no doubt played and now plays a consider-' I 
able part in ship building interests, but a greater | 
revolution haa been effected by the uae of steam. 

The introduction of steam as a motive power on 
board ship may be dated from the beginning of this \ 
century, but its expansive power was well known I 
2000 years ago. Hero of Alexandria (s.a 100), in ' 
Ms ' Pneumatics,' describes various methods of using 
steam as a power. And Eoger Bacon, the father of I 
English PhiloHophy, bom a.d. 1214, seems to have i 
alluded to the uses to which its properties might bo I 
adapted in his ' Opue Miignus.' 

Some idea of the expansive power of stoam may be I 
gathered from the fact, that I cubic inch of water oocn- ' 
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pies 1711 cubic inches of eptwje in a tomperature of 
212°. 

For the credit of having invented the steam' engine 
there bava been many claimantH ; hut the slow growth 
of the invention renders it almost impossible to name 
anj individual as the actual inventor. This mnch 
may at all events bo conceded, that almost every 
country has done something towards rearing the infant 
phenomenon and bringing it to its present colossal 
proportions. Enghind has most certainly not been 
behind other nations in this respect, and she may 
justly claim a large share of the glory individnally. 
The MarqniH of Worcester (1663), Savery (1698), 
Kewcomen (1705), and Watt (1781), have made their 
names household words in connection with the steam 
engine. 

With reepoct to the application of steam on board 
ship OB a motive power, the earliest mention of an 
attempt to move a vessel by stoam is said to exist 
in the archives of Simuncas, under dato 1543. The 
experiment was made with a vessel called the ' Tri- 
nidad,' of 200 tons, by the inventor, Don Blasco de 
Garay, who appears to have suceoedod so fur as to 
movo the 'Trinidad' at the rate of three miles an 
hour ; the usual jealousies, however, proved an insur- 
mountable bar, and prevented the inventor from pro- 
secuting his invention. 

IVo hundred years later, Jonathan Hull took out a 

patent (21st December, 1736), and to bim is due the 

crodit of giving birth to the idea of steam navigation 

^m England. Ho proposed to propel ^esai^ Yfj * 
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whteei orer the stern, mud to emploj' those Tcssels for 
towing pnxpoeeSb 

At the Bune time thnt Jonathan Hnll wms patenting 
his inTcntion, other minds woe c on ?eiging to the 
suae point — MessrsL BemooDi, Bongner, Enler, 
Mathiea de la Goor, and others ; but pnMiticall j the 
gleam engine had not yet anired at sufficient per- 
tBcdon to be conTenientlj applied to the pnrpoees 
of navigation, and it was not nntil 1781, in the hands 
of Watt, that this was accomplished. Even then, seven 
years passed away before experiments both in Enrope 
and America were made, which condnsiYely proved the 
adaptability of the steam engine as a motive power on 
board ship. 

Space will not permit a detailed history of the pro- 
gress of steam navigation step by step. At the begin- 
ning of this century, the f^t was established that 
steam could be used advantageously for towing vessels 
in canals and smooth water, the propelling power 
employed in the first instance being a wheel at the 
stem of the towing boat, afterwards shifted, made to 
revolve on each side, and called paddle-wheels. 

Little by little, improvements were introduced in the 
machinery ; little by little, fresh confidence was gained 
in the seaworthiness of a steam vessel, until at last the 
new invention was thoroughly established. 

The first person who ventured to take a steamboat to 
sea was Stevens, of Hoboken. Stevens had to take his 
vessel from New York to the Delaware (1807) in order 
to bring her into notice at all, as Fulton had obtained 
the monopoly of steam navigation on the Hudson. 
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I> The first steamboat, laid down and built vnih a set 
prapose in England, waa the ' Comet," in 1811. She 
was 40 by lOJ feet, of about 25 tons burden, and 3 
horeo-power; she ran between Glasgow and Helcnsbnrg 
at the rate of about five miles an hotir. At the same 
time, a vessel was building in Ireland of rathor larger 
dimensioDBj singularly enough she also was called the 
* Comet,' and, strange to say, the first steamer built 
for the nary boro the same name. 

By the year 1815, steamboats were plying on all the 
great rivers of England, as well as on tho Seine, and 
between Seville and San Lucor. To the enterprise of 
Mr. Boll, a house carpenter, of Glasgow, is due the 
credit of building the above mentioned ' Comet,' the 
first steamer on the Clyde, and from that time the for- 
tone of steam navigation steadily progressed. 

In 1818, the following steamers were plying in tlto 
United Kingdom : eighteen on the Clyde, two at Dnudee, 
two on the Tay, two on the Trent, two on tho Tyno, four 
on the Humbor, two on tho Mersey, throo on the Yare, 
one on the Avon, one on tho Severn, ono on tho Orwell, 
^^ BIX on tho Forth, one at Cork, two intended to navigate 
^^L Ifetween Dublin and Holyhead, and nine on the Thames, 
^^ft At the same timo, steam vessels were in use in Bussia, 
^K the Netherlands, France, and Spain, and one was build- 
ing in the East Indies ; while in the United States every 
important route was occupied by steamers, those on the 
Mississippi alono being iSO tons, carrying 280 tons of 
merchandise, 100 passongera, and 700 boles of cotton. 
To this day, the river boats of the United States aru 
&r before those of £ngland in every good (^uslvt^ . 
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The substitution of steamers for sailing packets now 
took place, and in 1823 attention was turned to the 
Eastern route. The ' Falcon/ a yacht of scarcely 200 
tons, with only auxiliary steam power, made the first 
voyage to India (Calcutta) early in 1825. The ' Enter- 
prise,' 470 tons, 120 horse-power, followed, and thus 
steam navigation to India became an established fact. 

In 1829, proposals were made to place a line of 
steamers between London and Alexandria, and between 
Suez and Bombay ; but the Court of Directors of the 
Honourable East India Company took until March 
1832 to give a qualified refusal. In 1834, a select 
committee was appointed to inquire into the best means 
of promoting steam communication with India; England 
was already in commimication with Malta and Corfa 
by means of steam packets, and this was extended to 
Alexandria in August 1834. In 1835, steam com- 
munication with India was effected via the Isthmus of 
Suez. In 1837, the Peninsular Company contracted 
to carry the mails to Gibraltar ; and, in 1843, engaged 
to complete the communication with Calcutta; since 
which time not a year has passed without some im- 
provement in the route. Attention was by no means 
exclusively turned to India, for the great importance of 
steam commimication between England and America 
could not fail to impress itself on the thinking and 
enterprising minds of that period. 

The first steiun voyage across the Atlantic was in 
1818, by the *Cura9oa,' 400 tons, 100 horse-power, 
from Helvoetsluys to Surinam and Cura9oa in thirty- 
two and a half days, eleven of which were under steam. 
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In 1832, the 'RoynJ William,' 1200 tons, 180 horse- 
power, fiteamed from Nova, Scotia to England in twenty 
days. In 1835, the Great Weatern Company was 
formed ; and, in 1838, the ' Great Western,' 1340 tone, 
400 horse-power. Bailed from Bristol on the 8th of 
April, and reached New York on the 23rd (fifteen 
days). The 'Sirjus' left Cork on the 4th of April, 
and arrived at Now York on the evening of the 22nd ; 
she was therefore the first steamer to cross the Atlantic 
direct to New York. 

In 1840, the Cunard Line was eatabliahed, and from 
that time to the present the number of vessels on the 
route has been ever increasing; indeed, at the present 
moment not a day passes without a steamer crossing 
the Atlantic. 

It now only remains to say a few words abont tlie 
introduction of steam into tho Boynl Navy. The 
* Comet ' was the first steamer built for the royal service, 
under Lord Melville's directions, in 1822. She was 
bnilt of mahogany at Deptford, by Mr. Oliver Lang, 
238 tons, 80 horse-power, has been constantly em- 
ployed ever since, and only very lately has her nanje 
disappeared from the ' Navy List.' At the present day, 
not a single sailing man-of-war of any magnitude is U* 
be found uuderthe pendant, even three-deckers having 
been successfully fitted with steam power. 

In concluding, it will bo necessary to mention very 
briefly that the earlier steam vessels were fitted with 
paddles ; but that, npon the invention of tho screw, in 
1837, by Mr. J. Pettit Smith, and by dint of dogged 
1 his part, the coiifiidfti«.^.iuu ^ '\\.«. 
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merite was forced on the authorities ; and after the 
expenditure of much patience in overcoming ignorance 
or prejudice, it was determined to tost the screw and 
the paddle by practical trials between two 
built on the same lines and with the same boras* 
power — H.M.S, 'Rattler,' fitted with the screw, and; 
H.M.S. ' Alecto,' fitted with paddles. 

In every respect the screw proved its Buperiority- 
in light winds and smooth water, in strong gales and 
heavy head seaa, whether under sail or only ander 
steam, the ' Rattler ' beat the ' Alecto.' Finally, on the 
3rd April, 1815, the tvro vessels were lashed etem to 
stem ; the ' Alecto ' was allowed to get her speed, 
when the ' Rattler ' turned ahead, and in spite of every 
effort on the part of the ' Alecto,' gave her rival the 
coup de grace, by towing Lor at least 2^ knots an hour 
against the Aill speed of her paddles. 

The following facts will give some notion of the 
relative cost of the screw and the paddle. The original 
cost of paddle-wheel stoomerB averaged about 52. per 
ton greater than that of screws; their current expensei 
about 8t per ton greater ; wliile the average " measure 
of cargo " is for screws ■ 735 of a ton for each ton, for 
jHtddlea 0-425 of a ton for each ton. 

It is not therefore to be wondered at, that the screw 
is fast superseding the paddle ; indeed, escept for river 
and shallow water service, paddle-wheel steamers are 
now rarely built. At the same time, it should be 
mentioned that the action of the screw is not even yet, 
after thirty years' experience, thoroughly understood, 
ulthougb it is as important for the officer in charge of a 
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EtGHniBhip to know esactljthe Influonce that tLe screw 
has upon the movement of hie ■vessel, as it was for the 
Beamaii in the old sailing days to anderetimd the effect 
which the hauling down a. jib and filling a, mizen top- 
Bail, or hoiBting a jib and spiUiog a mizen tojisail. would 
have in altering the ship's conise. 

For instance, how few ofGcors either in the Boyal 
Navy or the mercantile marine know a right-handed 
from a left-handed screw, or the effect of the one or 
the other upon the steerage of the ship ; the stndy of 
this effect and the practical application of such know- 
ledge has been left to that admirable body of men, the 
Snglish pilots, who are justly entitled to be looked 
upon as the tinest portion of the seafaring population 
of this country. The first question asked by a Graves- 
end pilot ia, " Eight or left-handed screw, captain ? " 
and so important dues he consider this knowledge to 
the proper steerage of the ship, that in the event of 
receiving an nn satisfactory answer, only too often the 
case, he takes a back turn, in other words goes astern, 
on the first opportunity to ascertain for himself. It 
may bo useful to mention in reference to this subject, 
that when a steamer with a right-handod screw is going 
ahead full speed with the helm amidships, she tends to 
port, just as if she was answering stai'board helm, 
which must therefore be given with caution. Port 
helm, on the contrary, must bo given freely ; the con- 
trary happens when the engines are reversed. 

The following table, showing the increase of steam 
vessels, will give some idea of the growth of this 

C industry during the laBt &ft>f je&i&. 
-a 1 
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1840 


824 


95,807 
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1850 


1.350 
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500.144 
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3,796 


1,202.134 


317 „ 


1874 


4,835 


1,987,235 


411 „ 



Thb Pbinciplkb op Dkbiqn and CosBTRnoriOH. 

The priucipleB npon which ships ore i 
most now be considered. 

Althoagh ths greatest mtLritime power in the worl 
England has rarely prodnccd anything to compare wil 
the designs of continental naval architects. Spain, 
Franco, BnsBia, and Sweden, have all made naval aFchi-^ 
tectnie a national object, and every poBsible encourage- 
ment has boon given by those nations to the develop 
mont of the art, as is abundantly proved by tlittj 
writings of such men oa Juan, Bernonlli, Clairboi^ 
Euler, Bomme, and Chapman. England on the con- 
trary, while recognizing and occasionally rewarding 
civil architects for inferior bnildings.of very doubtful 
taste, has failed altogether to encourage in the smallest 
degree an art upon which so much of her prosperity 
depends. 

It is no alight reflection upon us, that, while at 
the end of the last century, every other branch of use- 
ful knowledge had its rudimentary works, little or 
nothing had been written on naval architecture; we 
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were quite cnntont to borrow from our neigliboura, and 
it mast be owned that we were slow even at ttat. 

In those days, the greatest authority on the aubjeot 
was Sir Walter Ealcigh, who wrote about 1600, or 
nearly two hundred years previously, in bis ' Eiaot 
Description of the Unconquerable Force of the English 
Navy,' which ho declared was at that time able, "in 
dispight of any Frince or State in Europe, to command 
the great and large fields of the ocean." He says fur- 
ther, " In mine own time the abape of our English ships 
hath been greatly bettered. It is not long since the 
Btritdng of the top-mast (a wonderful case to great 
ships both at sea and in liarbour) hath been devised, 
together with the chain pump, which takes up twice 
as mnch water as the ordinary did. We have lately 
added the bonnet and the ilrabler to the courses. We 
bavc devised studding-sails, topgallant sails, sprit-sails, 
topsails. The weighing of anchors by the capstone 
is also new. We have fallen into consideration of the 
length of cables, and by it we resist the malioe of 
the greatest winds that can blow." 

" We have givon longer floors to our ships than in 
elder times, and hotter bearing under water; whereby 
they never full into the sea after the head, and shake 
the whole body, nor sink stem, nor stoop upon a wind ; 
by which tho breaking loose of our ordnance, or the 
not use of thorn, with many other discommodities are 
^^ avoided." 

^Ll The principles of tho art have, it is true, become 
^Hnettor known at last by moans of certain prieale 
^^KfiirtB; for instance, in 1791, a Society 'wcai.QTia.'i&Vjt 
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the improyement of naval arcliitecttire, and a patriotic 
bookseller throw open the pagoe of a periodical nhicb 
he owned, ' The European Magazine,' for the diecnBaion 
of this Bubjcct, while prizes were offered for the best 
papers " On the Eesiatance of Fluids," " On Designs 
for VeEScls," "On the Proportions of Masts," &e. 

Later on, a school was attached to the Tfarnl College 
»t Portsmouth, and bj these means a great deal of 
light was thrown on the art of constructing ships ; but 
these efforts died a natural death, giving place to a 
qvAui school of Naval Architeeturo, under the Rev. Dr. 
Woolley, at South Kensington, and an Institute of Naval 
Architects, founded in 18G0, by Mr. Scott Euesell. The 
latter Society might do good service, if only properly 
managed ; at present the results of its labours have 
been iufiuitesimally small, while positive barm has 
lieeu wrought by the admission to the Institute of un- 
qualified persons, who do little beyond writing M.I.N.A. 
after their names. 

Going back to the fifteenth ccntnry, the credit of 
building the best ships belonged to the Portuguese, the 
result of the practical experience gained in encounter- 
ing winds and waves in every variety on those famous 
voyages of discovery, which gave' the Portuguese so 
proud a pre-eminenco in Europe. The Spaniards next 
carried off the palm, tbauks to Columbus, and the 
lessons learnt by the extension of navigation to 
the New World.* The Spanish two-decker 'Princesa,' 

* The little aquaiiron of CoImiibiiB consiated of three vesaels, 
the 'Bauta Maria' or Nao, tlio ' Piiita,' and -Nina:' the first 
WOB less ibau 100 tons, with a crew of aboat fifty meu ; the 
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captured by ns early in the last century, waa the fitet 
ship of her day both for good qualities and durahility ; ■ 
she was built of Hondnras mahogany. 

In 1637, a threo-decked ship of nearly a hnndred 
and fifty guns was launched at Woolwich, called the 
' Koyal Sovereign,' or the ' Sovereign of the Seae,' 
She was designod and built by Phincas and Peter Pett ; 
the former was a captain in the Royal Nayy, and his 
ancestorB had held the office of Architects of the Koyal 
Navy for two hnndred years ; his son Peter was the 
mast builder, and ho had made the model of this ship 
before he was twenty-five years of age. Of this yoimg 
man it was aaid : " Fallas berselfe flew into his bosomo, 
and not only injoyned him to the undertaking, but 
inspired him in the manageing of so exquisite and 
ilnte an architecture." 
Heywood says, " Her length by the keel is 128 foote, 
thereabout, within some few inches. Her mayne 
50 tfins, with only twtnty-five men ; whilst tile 
■ Niflft ' mensored aliout 10 tons, with twenty men. TJie Admiral's 
ship woa the only one nith square Bails : the other veaecla were 
Uteeu rigged. Tliedesoriptionof the Bftila of tho'Nio'la given 
by Oolaiubus himself in his journa]. He says, " I set all the 
■ails of the ship ; — the mainsail with two boDcete, the foreanil 
and spritsail, and the mizen, and tlie main topsail and boat on 
the poop," meaning no donbt the sail of the boatea tlie poop. 
~ The squadron left Palos at 8 a.u. on Friday, 3rd Angust, 
The ialand of San Salvador, now called Watling, vras 
[hted on Friday, 12th October, and a new world diecoverod. 
When the old Bpanisb 70-gnn ship ' Prineesa,' built of 
1740. waa broken to pieces, so sound and tt-nacjona 
t fastenings Ihat the tiien were paid double wages 
extracting the bolts. "—' Dottmga on the Boadside in Panama, 
and Uueqtiito,' p. 112. 




4 



I 



40 BRITISH MAHUFACTURINQ IXDUSTRrES. 

breadth or wideneBse ^m side to side 48 foote. 
utmost length 'a jirora ad pujipim,' 232 foote, and 
BO many tiius in burdoo as there have been jenree 
oar bleaaed Saviour's incarnation, namely 1637, 
not one under op over." 

Charnock sajB of this ehip, " The ' Royal Sovereign' 
waa the first great ship that was ever built in EngWd; 
she was then designed only for splendour and magni- 
ficenco, and was in some measure the occasion of thoBe 
loud complaints against ship money in the reign of 
King Charles I. ; but being taken domi a deck lower, 
she became one of the best mon-of-war in the world, 
and so formidable to her enemies, that none of the 
most daring among them would willingly He by her 
side. She bad been in almost all the great engage- 
ments that had been fought botwocn France and 
Holland ; and in the last fight between the English 
and French, encountering the ' Wonder of the World,' 
she so warmly plied the French admiral, that she 
forced him out of bis three-decked wooden castle, and, 
chasing the 'Hoyal 8nn' before her, forced her to fly 
for shelter among the rocks, where she became a prey 
to lesser vessels, tlmt reduced her to ashes. At length, 
leaky and defective herself with age, she was laid up 
at Chatham, in order to be rebuilt ; but, being set on 
lire by negligence, she was destroyed 27th January, 
1G96." 

The French, however, have for long completely 
eclipsed every other nation in the excellence of their 
ships, in respect to form and good qualities, although 
not in the materials of which they were built: for 
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instance, the ' CanopoB,' a two-decker, captnred by the 
English from them, is aclmowledged en all sides to be 
the finest model of her class afloat, and many of our 
best ships have been bailt on her lines. 

In 16G1, Louis XIV. determined to dispute with 
England the sovereignty of the Beas, He possessed in 
Colbert one of the wisest of ministers, and the notion, 
which for centnriea had been essentially military, sud- 
denly turned its attention to commerce and the seas. 

In that year their marine consisted of four or five 
small vessels only, but in little more than ten years 
afterwards the combined fleets of 8paiu and Holland 
were bearded by it, and the sovereignty of the Medi- 
terranean disputed. In 1681, the Freneh fleet consisted 
of 115 line-of-battle ships, and 179 Bmaller veBsela, 
manned by 39,477 men ; and in 1C90, a fleet of 84 
vessels of war, of which three were of 100 guns and 
upwards, 10 were of 48 guns, and 22 fire ships, was 
cruising in British waters I ! \ 

The ambitious designs of Louis XIV. were frustrated 
and his fleet annihilated, after torrents of blood had 
been shed ; but this striking example should not be 
forgotten, as it shows how much danger and loss aj% 
incurred by overweening confidence in onr asBomed 
snperiority, 

A hundred years later, in 1780, the complaints of 
naval officers were constant as to the inferiority in 
speed, stability, and readiness of manoeuvring of the 
English shipB as compared with the Trench ; and as a 
notable instance of these complaints, it may be men- 
tioned that Sir George (afterwaids Iiot^'^ ^o^sus^ 
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wrote to the Soeretorj of the Admiralty, Mr. Btorens, 
31st May, 1780, that aa the Freneh fleet "sailed &r 
better than His Majesty's Fleet, they with ease could 
gain what distance they pleased to n-indwnrd." 

On the other hand, it may be said that EnglaiuLV 
holds her position as the greatest maritime power,V 
rather perhaps by force of numbers than from aiqrf 
excellence in her shipping. She possesses a i 
chant tonnage (nearly 0,000,000) eiceeding that offl 
America, Austria, France, Holland, and Norway ci 
bined, and thereforo has necossarily a predominant 
inflnonce in shipping mtttters ; but by empirical ton- 
nage laws she perpetuates the faulty, not to say • 
dangerous, form of vessel which is such a well-knomtl^ 
characteristic in English ship building of the preseni.^ 
day, whether for home use or foreign demand. Apart 
icom their narrow shape (more like a gaspipe pointed 
at each end than anything else), such vessels, now 
commonly constructed with ton times their beam for 
length, are in fact wanting in all the attributes of a 
ship, and without atoam power would lie lilce helpless 
logs on the water. 

There are certoin well-known principles in designing 
a ship, any deviation from which inevitably leads to 
disappointment and disgrace. It is not asserted that 
these principles are so fixed and immutable as to be 
incapable of further development ; but. let the mere 
theorist ignore them in the smallest degree, and the 
result is always a failure, and of this we have a 
notable example before the conntry at the present time 
in the ' Bessemer.' 

The two Jeading features in d 
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mnat never be lost sight of by the nayal architect, are 
displacement and stability. These features are again 
subdivided into a number of details, and it is upon 
the practical combiuatiou of those details that the 
eieellence of the ship depends. 



^L DlB?LAOBUENT. 

^P The displacement is the first cou si deration. This 
antirely depends upon the seTviue on which it is intended 
to employ the proposed vessel, and the sea which it is 
proposed to navignte. With these objects in view, the 
weights to be carried are calculated ; and upon this 
basis the superstructure can be reared with so much 
nicety by the practical naval architect, that, upon the 
launch of the ship, the displacement and the conse- 
quent draught of water will be found not to vary from 
the calculations in any appreciable degree. 

It should be here explained, that " diRpIacomeut " is 
the amount of water displaced or thrust aside by the 
immersion of any foreign body in the fluid; and the 
ruling principle which oven'ides every other ia this, 
that the water displaced corresponds exactly to the 
bulk of the body which displaces it. This most im- 
portant discovery, of the very first rank indeed in 
relation tu the true advancement of the art of ship 
building, was made by the celebrated Greek mathe- 
matician, Archimedes (horn B.a 287). The story, 
although well known, is worth repeating for the eake 
of impressing the nature and value of the discovery 
on the student's mind. 
iHferoij or Geloa, the reigning piince oi Si^twias^n 
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Lad deliyered a certain weight of gold to n workman to 
bo made iuto a votive crown. The latter brought back 
a crown of the proper weight, which was afterwords 
Buspected to have been alloyed with silver. The king 
aakud Archimedes Low he might detect the cheat, the 
difficulty being to measure the bulk of the crown 
without melting it into a regular figure ; for silver 
being weight for weight of greater bulk than gold, any 
alloy of the former in place of an cqaol weight of thB 
latter would nccceaarily increase the bulk of the crown.' 
White thinking on this matter, Archimedes went 
bathe, and on stepping into the bath, which 
observed the very simple fact that a quantity of water 
of the some bulk as bis body must £ow over before he 
could immerse himself. It immediately struck him 
that by immeraing a weight of real gold, equal to 
which the crown ought to have oontained, in a 
full of water, and observing how much water wi 
when the weight was token out again, and afterwardij 
doing the some thing with the crown itself, ho conlt" 
ascertain whether the latter exceeded the former 
bulk. In the words of VitruviuB— " As soon as he hadi 
hit upon this method of detection he did not wait 
moment, but jumped joyfully out of tho bath, 
running naked towards his own house, called out witili;j 
a loud voice that he had found what he had songhtj 
for, as ho ran, he called out, EupijKo, EufiT/ical I hai 
found it, I have found it." 

The displacement, or in other words the weight of' 
the ship, having been determined upon, tho nost oonr-- 
sideration is the form or shape which she should taka,.' 
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BO as to be best ajlapted to the service upon which she 
is to bo employed. 

In a man-of-war this should soon be determineiJ, for 
there is no ambiguity bb to the dotiee of an ftrmed 
vessel cftrrying the Union Jack : she mnet be a good 
sea-boat, able in all weathers to blockaiie an enemy's 
port under tail ; she must be fast, and capable of fight- 
ing her guns in a seaway ; she must draw little water ; 
she must have steam power on board capable of driving 
her at a high rate of speed for going into action, or to 
meet a pressing emergency ; her engines and the vital 
parts of her hull should be protected from shot or 
ahell ; and she must be rendered comparatively un- 
sinkable by boing divided into numerous watertight 
compartments by wing-passages, and by athwart ship 
bulkheads. In other words, she must be a perfect 
sailing ship, aided by a powerful steam engine. 

In respect to a merchant vessel, whether steamer or 
sailing ship, the essential requisites ore different. She 
should in the first place be a good sea-boat ; she should 
possess tho greatest possible capacity for carrying cargo 
or passengers, or both ; she should have good stability ; 
she should be very handy ; she should either sail or 
steam well on the least possible draught of water ; and 
her form and strength should allow her to take the 
ground without injury to her structure. 

These should be the main characteristics of English 
^^jnen-of-war and merchant ships ; how far they are to 
^^ni found in either class of ships at the present day, the 
^^^■oidentfi aud disasters at sea of every day occurrence 
^^Hbrd only a too painful means of jad.g\ii%. 
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A cODsidoration of the stability of a sliip, 
words her power of reBiBting the effort of the winds 
and wares to capsize or turn her over, is of the first 
importance in her construction ; it should take pre- 
cedence of every other consideration, since npon its 
proper observance depends the safety of crew, ptiasen- 
gers, and cargo. The stability of a ship is primarily 
derived from itH form or shape; in other words, 
the relation of its length and draught to its beam. 

Suppose, for examplo, a long norrow yeKsel lite 
boiler tube pointed at each end (snch ob the steamers 
of the present day, with a beora only one-tonth their 
length) ; is it poesible to discover any element of 
stability in them ? Indeed, unless well immersed, with 
the centre of gravity as low down as possible,' they 
wonld capsize from their own inherent want of stability. 
Place one of these long, narrow ships in a gale, and 
let the engines break down, when the ship at oace 
falls into the trough or hollow of the sea, rolls gnn- 
wales under, and it is a miracle if she escapes foimdor- 
ing. It is more than probable that a very large 
proportion of the comparatively new veaeels lost in 
such alarming numbers owe their destruction to their 
want of stability from the faulty design upon which 
they have been construated, a species of unseaworthiness 
to which insufficient thought is given, olthough a 
fruitful source of loss of life. No amount of seaman- 
ship on board could save such a vessel in the position 
eketched above ; even in a heavy sea with full pone;. 
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of eteam tlie danger is very great ; for sorao portion of 
the long vessel must be out of tbe water, and as the 
ship mutt seek her displacement, it follows thst as she 
falls tbe sea breaks on board, very commonly forward 
and aft on both sides at the samo moment, or amid- 
ships, as was the case with the ' London,' with crushing 
effect ; it is only a question of time how long a ship 
bas strength to withstand such hammering and sub- 
merging. 

Another Berioua defect in tho long and narrow ship 
is the want of handiuess ; the sails are useless as any 
aid to the rudder, which cannot be proportionately 
inoreased, and therefore loses much of its effect in a 
long ship, as may be shown in very few and very simple 
words. The effect produced by tho action of the rudder 
ia inversely as the length of the lever, and as the hnll 
extends in length without proportionate beam, the 
effect produced is weakened, nntU in ships of immo- 
derate length its influence is almost lost, and would 
be lost altogether, if it were not for the artificial aid of 
the screw acting upon it. This may account in a 
groat measure for tho increasing number of coUisions ; 
the ship will not answer her helm as quickly as the 
officer in charge expects, and she collides accordingly. 
Seamen are not, as a rule, aware of this, but tho sta- 
tistics of collisions tend to prove the correctness of 
this view. How is it possible otherwise to account for 
, the fact that by far the greater number of collisions 
n clear weather, and in the daytime ? 
B a somewhat startling fact that with a consider- 
Uy larger nnmher of ships, of leaa boTm.&^& A \a ^x^i&. 
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but still large sailing ships, twil Dot steamers, 
collisionB nf twenty years ago, say 1855, and 
amount of tonnage lost, bear qo j>ropDrtii 
of the present day.' 

Tho long narrow ship is the reanlt of an idea 
this form of vessel can alone give great carrying 
city, and in the case of steamers ioRure a high rate of 
speed with comparatively small steam power ; but this 
is a mietako. Vessels with proper beam can bo bnilt 
cheaper than narrow ones ; with carrying capacity un- 
doubtedly as good ; the accommodation for passengers 
better; tho expenditure of coal no greater; and pos- 
sessing, it is believed, undiminished average speed. 

Not only are the long, narrow ships, which have 
become of late yeara so fearfully prevalent in the 
United Kingdom, weak in design, dangerous at 
practically helpless without steam, hut they actual 
cost a larger sum to build than ships of more 
metrical shape, as the following example will show. 
Take a ship A, 240 hy 60, or four beams, the area 

• In 1850 the ehips belonging to the Britiah Empire num- 
bered 34,2S1 ; tennage, 4,2e2,gii2. Tlie niunlHX of BbijH 
bdlougiug lo the United EiagdoiD at the same date was 2S,1!D| 
tonnfife, 3,604,044. In 1862 the numbera had reai-hed 
lively 39,427 ships, tonnugu 6,041358, for the British I 
and 27,525, tonnage 4,860.191, for Ihe Uiiittd Kingdom." 
was in this year that the nunibGr of ships under the Brltft 
Sag reached their maximum, last year (1ST5), the numberjj 
ibipa belonging le the Britiah Empire waa about 37,000, t 
toBoagp of niore than 7,500,000. Tho number of aliipa helongiJ 
to the Unit<d Kingdom waa a little over 24,800, w ' 
of nearly 6,000,000, shnning Ibat the site of our ships has h 
steadily inoreuBiiig of kte years. 
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oontents of her upper deck would be li,400. Take 
another ship B, 380 by 38, or ten beams, the area 
contents of her npper deck would be li,440 ; both 
[pa may be assnined to be abont the same displace- 
t tonnage ; but a line drawn round A from port 
of stem tu stem and hack to Btflrboard side of 
stem would be SfiO feet, whereas the circumference 
of B would give 828 feet — in other words, more than 
half again as much iron or wood as was roq^uired to 
build A must be used in the construction of B. This 
ie without considering the qneatien of depth or drangbt, 
which, it is obvious, is again in favour of A ; for B 
mu»t be deep to obtain the requisite stability, which 
on the contrary A possesses from its natural shape. 
Moreover, ship A would possess about four times the 
reBistouce of B to withstand the strain in a heavy 
sea or upon a rock or shelving shore — occasions which 
cause the speedy destruction of so very many long, 

Assuming that B costs 36,000^., A will cost leas than 
20,000/., he in every respect a better sea-boat, carry 
more cargo, and, if fitted with deck houses fore and 
aft, can carry more paasengera than B could possibly 
place between decks ; and such a thing as a deck 
board a long, narrow vessel, is obviouBly out 

the question, if safety is thought of for a moment. 

The only escnse for perpetuating the fallacy of 

ig, narrow ships, seems to be the supposition, that 
greater speed at leas consumption of fuel can be ob- 
tained from such craft, rather than from those of safer 
proportions. This is certain, that if a ahi^, «<k^ 1&^ 
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by 25, IB cut in half and lengttenod 50 foet, ahe can 
Iw driven by a amall incroase of horse-power and a 
little more consumption of coal, at nearly the same 
speed, while she can doubtless carry moro cargo ; but 
this does not prove that a long narrow ehip is the 
best adapted for continuous apeed in sea-going veHsels. 
The prejudice, however, will probably prevail, nntil 
an actual trial of two ships of the same displacement 
proves that a comparatively short, broail, and light 
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I^Dgtfa, 455 feet; beam, 45 feet; d«pth, 31 Cmt: tODiiKge, 31T4.-I 

draught vessel, can make a passage on an i 
quite as quickly as the nondescript craft, now 
much the fashion. 

The white circle in the midships of the ship in 
diagram indicates the " load line." This outcome o 
recent legislation is facetiously named by fioilors " 
mark of the beast ;" it is perfectly usoless for the pm 
pose intended, that of preventing overloading, and i 
may be questioned if " the mark of the beoat " does no( 
inflict, in foreigo porta at least, serious injury o 
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owner, by sending many a vessel homo wi thou t freight. 
The natural inference to the foreign mind is simply 
that a Bhip thas stamped is unseawortby in itself, or 
that the owner in some way or other is not trustworthy. 
Having described tho aort of vessel which does not 
combine stability and eeawoitbincss, it Hhould be mea- 
tioned that for centuries the proportion for a vessel 
approved by bnildere and sailors alike was about three 
and a half times the beam for the length ; and to this 
day it may be qncstioned if these dimensionB should be 
exceeded, most certainly not for mon-of-war. TweDty- 
five years ago, the averago of several hundred ships on 
the Navy List gave a length in proportion to the beam 
of three and a half. With respect to merchant ships, 
perhaps some modification may be allowed with safety, 
although the dimensions given below should never 
be exceeded, that is, if tho question of safety is made 
the first consideration in designing a ship, as un- 
doubtedly it ought to he. It is believed that attention 
to this rule would materially diminish the nnraber 
of wrecks, and consequent fearful loss of life, which 
ie now, to the disgrace of tho nation, daily reported 
in the press ; and, moreover, it is further believed that 
if the form of ships recommended be adopted, such 
ships would in the long run prove more rerannerative 
to the owner; their original cost would be less; sea- 
men would once more take a pride in their ships, 
becanse they were «A(p«, and not, as they now call 
them, " Gaspipes " and "CofSns"; and, finally, as to 
wear and tear, the superiority of the proposed dimen- 
i is manifest if only on the one ^u\n%,&'a.\ "Oia 
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vessels would go over the wayes instead of under or 
through them. 

For every 10 feet in length above the proportion of 
100 X 25, add 2 feet to the beam, and continne this np 
to the length of 200 feet, which would give 200 x 45, 
or a little more than 4|r times the beam for length. 
For every 10 feet in length above the proportion of 
200 X 45, add \\ foot to the beam, and continue this 
up to the length of 300 feet, which would give 
300 X 60, or exactly 5 times the beam for length. It 
does not seem desirable to exceed this length, espe- 
cially in ships designed for making voyages where 
heavy seas have to be encountered. 



length. Beam. 


Length. Beam. 


Length. Beam. 


100 X 25 


170 X 39 


240 X 51 


110 X 27 


180 X 41 


250 X 52( 


120 X 29 


190 X 43 


260 X 54 


130 X 31 


200 X 45 


270 X 55i 


140 X 33 


210 X 46J 


280 X 57 


150 X 35 


220 X 48 


290 X 58J 


160 X 37 


! 230 X 49J 


300 X 60 



The space at command precludes the possibility 
of any lengthened account of that important part of 
the subject — the rig and sails of vessels. Before the 
steam-engine was placed on board ship, sails were the 
sole motive power, and great attention was necessarily 
paid to their cut and fit. Little by little, improve- 
ments and additions were made from the simple large 
square sail, with the very heavy gear and top-hamper 
of the ancients, to the fifteen separate sails which a 
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well-found sliip sets uow-a-day8 when under all plain 
Bail, or the twenty-one which she spreads to the fayonr- 
ing hreezo, when crowding every stitch of canyas. 

The prugreag of improvement in rig and sail making 
has been very bIow indeed ; hundreds of years elapsed 
before a second, and then a third, mast, with appro- 
priate sails, WGia added to the primitive rig ; anil 
several hundred years more passed away before the 
improvemontB recorded by Sir Walter Raleigh (page 
37), namely, " the bonnet and the drahhler to the 
coniBes, Etudding sails, topgallant sails, sprit-Bails, 
and topsails," were devised. At the present day, 
although there still remains great room for improve- 
ment, there can be no doubt that a ship under full 
sail, to use the words of Kuskin (' Stones of Venice,' 
vol. i, p. 209), "is one of the loveliest things man ever 
made, and one of the noblest ; nor do I know any 
lines out of divine work so lovely as those of the head 
of a ship, or even as the swcop of the timbers of a 
email boat— not a race boat, a more floating chisel, but 
a broad strong sea-boat, able to broast a wave and 
break it." 

Without in any way impairing the beauty of a ship 
80 lovingly spoken of, it is quite possible to improve 
hep efficiency bb a sailing vessel; for instance, by 
adopting the system of the late Admiral Schomberg, 
one of the best sailors in the navy, who advocateil 
with great force the desirability of Adding tho top 
masts abaft instead of before the lower masts, one 
advantage of which would be the rapidity and ease of 
reducing the top-hamper to the m«Te An^ftx i 
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when it was required to steam head to wind, or to 
take the ship into action. 

Not the least ucccseary part of tbe naval orcliiteot's 
education should be a thorough mastery uf the effect 
uf sails on a ship ; this is especially requisite in a 
maritime country like England, where so much of the 
carrying trade is done in eailiug ships, while in respect 
to men-of-war it is of the utrntist importance. Every 
possihle effort should be mode also to perfect the rig 
and soils of our fighting stiipB, so as to enable them to 
keep the scaa at all times and seasons independently 
of etoom, which should be looked upon as a latent 
{>ower, only to be used in battle or 
emergency ; thus, we should be enabled, as of y< 
by at once blockading an enemy, to prevent 
inflicting damage on car ports, on those of our colonii 
or by means of ' Alabamas ' to cut up our commerce. 

The table on the niiit page shows the steady decrease 
in the percentage of men per 100 tons employed in the 
mercantile marine, for the most port duo to impForc- 
raents in rig and machinery. 

Unfortunately the men-of-war of the present day, 
especially ironclads, arc not only faulty in construction, 
hut have no claim to be considered evon good eeo-boats; 
while as sailing Tesaels, they are worse than useless, 
and, moreover, as they do not carry more than sii, or 
at moat eight, days' fuel, they ore utterly unfitted 
for blockading purposes, where keeping the sea is 
uecessary. 

In speaking thus highly of sail power, it is not for 
one moment intended to depreciate the value of the 
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icrew; the contention is, that its greatest value ts not 
obtained by employing it exclusively as tlie main 
motiTD power; and this remark, as stated above, Iig^ 
especial force with rospoct to men-of-wi 

A great deal yet remains to be done before « 
propulaion will be fully developed; there i 
a field for improvement here, as in making sail power 
aB effective as it should be. For instance, but 
few sailors or even engineers thoroughly understand 
those qualities of the screw, explained at p. 35. 



1 

ffl. has 

• w^E31 



Left-hnDded. Right-hand«d. 

Griffiths' Serew Propeller. 

above diagram of a screw propeller will point out ^ 
noture at a glance, and show how to judge whether I 
be right or left-handed. Happily, earnest attentioi 
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IB now turned to this important subject, and esperi- 
ments of a varied nature are being conataatly made. 
Mr. Kobert Griffiths, who has interested bimself in 
screw propulBion from the time of the late Sir F. Pettit 
Smith and Captain Ericsson until now, has lately made 
some important improvements in his own screw, nbich 
is deserredlj held in high reputation by professional 
men. Ho has proved by ex|>eriiuenta carried out on 
board H.M. gunboat, ' Bruiser,' and the steam pinnace 
No. 22, that by the simple expedient of encasing the 
screw, not only is the danger from fouling and wreckage 
materially decreased, but the vibration, so disagreeable 
and eipenBive, is rendered perceptibly leas, while at the 
same time racing, so dangerous to the engines when 
the screw is out of water, is much diminished. 

But perhaps the most important change proposed by 
Mr. Griffiths ia the placing the screw bnth at the bow 
and stem in tunnels, by which he calculates that 
greater speed will be obtained, while a double chance of 
preserving the motive power from shot, shell, or acci- 
dent of any sort will be secured ; considerable reduc- 
tion in the diameter of the screws, and conseqtient 
decrease in tho draught of water will be effected ; and 
finally, that the power of turning, stopping, or going 
astern much more quickly than at present, will be 
materially increased. 

The question of the adaptation of tho screw to 

marine propulsion must not be diemiseed without 

mentioning an ingenious improvement, introduced by 

Mr. E. J. Harland, of Belfast, by which the screw 

^^Aaft is ao jointed, tliat the screw can "be Xo-flCKft. ere 
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roiaed at pleaeiire. The advautage of lowering in 
hea?y Bca, when the wave-line leaves the screw i 
iU ordisarj poeition well out of water, is obvious; 
while the power of raising the screw above the water- . 
line, either to repair it, or when not rei^nired under 
sail, is equally clear, provided alwajs that the some- 
what weak gearing will stand the great wear and tear.J 

Tho principle of Mr, Hoilaud's invention has » 
been applied by Mr. George Angelt, of ClerbenwoUl^ 
to a screw placed within the rudder, which acts v 
equal facility whether tho rudder is amidships or hard 
over to port or starboard, — and it can be put over 90° ! 
But before this invention can be mode practically 
ofioful, it is accessary that tho jointing should be 
considerably strougthcued, when no doubt for long 
narrow ehips, to turn them in thoir own length, ii^ 
would he of greut value. 
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This essay, brief and imperfect as it necessarily ii 
wonhl be still more incomplete, if nothing v 
about the question of the measurcnient of torn 
which BO vitally affects the form and build of c 
ships. 

Whoever is responsible for levying dues upon t 
nage calculated by the present system of measurer 
has infiicted a grout injury on the nation, because e' 
effort of the shipbuilder has since been devoted to bui 
ships with the largest capacity on the least regis' 
tonnage, regardless of other considerationB. 

Tonnage is tho term used to convey an idea ( 
the oaptdty of roaaolB, not tiieii wei6\it-, ^iit "A S» 
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Tcry misleading and inciccurate meaBnre of the real 
aize And diuplAcement uf a ship, and the prcsont em- 
pirical toimage law has douhtless lod to the adoption 
of a form or shape manifestly disadvantageoua, so iei 
aa Ecaworthf qnalities are concerned. The true tonnage 
of a tcbsqI is simply the number of tons of dead weight 
which she is capable of carrying in safety, — tn other 
words, her displacement between the light and load 
wator-linoB, that ie, the difference between her light 
and load displacements given in tons. 

Under the Merchant Shipping Acts, 185i-71, the 
mode of measurement of the internal cnbatnre is briefly 
as follows. Measni'e the length of the sliip from the 
inner plunk at the stem to the inner plnnk at the stern, 
deducting for rake of stem and atern ; divido the 
length BO taken into equal parts, in accordance with 
the length of the dock. For instance, a dock 50 feet 
long or under, into four parts ; abovo 50 feet and not 
exceeding 120 feet, into six parts ; above 180 feet and 
not exceeding 225 feet, into ten equal parts ; above 
225 feet, into twelve equal parts. Find the sectional 
area of each part ; "number the areas Bucceaeively 1, 
2, 3, &c.. No, 1 being at the esti-eme limit of the 
length at the bow, and thu lust number at the extreme 
Umit of the length at the stern; then, whether the 
length be divided according to the table into four or 
twelve parts, as in classes 1 and 5, or any intermediate 
number, as in classes 2, 3, and 4, multiply the second 
and every even-niimberod area by four, and the third 
and every odd-numbered area (except the first and last) 
by two ; add these products together, aiil to ^Soft wasi. 
K^ tiie Srst and last, if they yield au^t^Au^-, 'm.^i^.^^^l 
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the quantity thns obtained by one-tliird of the 
interv&l between the areas, and tJie product will be the 
cubical contents of Uie space under the tonnage deck ; 
divide this product by 100, and the quotient being the 
toanoge under the tonnage deck, shall be deemed to be 
the FegiBt«r tonnage of the ship," subject to certain 
additions or deductions for deck-houses, £g,, 
room epace, &c. 

Now the first thing observable in the above rule 
the nnsoundnesa of taking the tuternal cnbatnre ; the 
next is the arbitrary use of the factor 100, and, thirdly, 
objection is naturally taken to the deductions allowed 
to steamers. 

As to the first objection, it ia manifest that the 
external measurement should be taken, for the weight 
or displacement is the only true mode of 

With regard to the second, it may fairly be 
why the factor 100 is chosen, when the ascertaii 
contents of a ton of seo-wator are 35 cubic feet 
64 lb. each ? And with regard to the third, no soi 
reason whatever can be given for the allowance 
space to steomera ; indeed, in the eorlier yeara 
history, when it may be supposed that they want 
most encouragement, no such abatement of toi 
was naked for. 

This abatement of tonnage to steamers, and 
pirical method of calculation, is already giving i 
trouble, which will soon ripen into serious difficull 
especially with the Suez Canal authorities, who 
naturally ask for payment on the true and not oi 
fiotitiDUB tonnage of a ship. That thie claim i. 
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without reason is shown by a comparison between the 
registered tonnage and the actual cargo carried by 
the following ateamera, " which haTO left England with 
cargoes Ueice the weight of their register tonnage : 
' Bandringham,' 788 tons ; cargo, 1580 tons. ' Durham 
Castle,' 1110 tons; cargo, 2226 tone. ' Weliealey,' 
737 tons; cargo, 1450 tons. ' H. S. Edwards,' 79G 
tons; cargo, 1800 tons. 'Mauritania,' 481 tons ; cargo, 
1180 tons. 'ItetrieTer,' 198 tons; cargo, 401 tons. 
' James Groves,' 596 tons ; cargo, 1235 tons ! " 

The magnitude of the evil in respect to the Suez 
Canal alone is shown by the following table, whereby 
it will bo seen how largo a percentage of dues is 
annually lost to the sharobolders : 



1872 

1873 
1874 
1S75 






491 



43G,e 



771,409 
1081 1,184.890 
1173 1,41)9,959 
1261 1,649,188 
119S , 2,019,495 



319 291,154 

496 546, »21 

763 860,584 

812 1,002.368 

888 I 1,20H,612 

1061 ' 1,477,741 



Tonnngi.. 



iiie subject is so important, that it is thought de- 

»ble to append the following simple mle hy which 

not only can the true tonnage be accurately established, 

but the amount of cargo on board at any moment can 

positively ascertaiued by a referoncQ to &.« %cs^% tS. 
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feet, commonly called draught of water, stamped on 
bow and stem of every ship. 

When a yessel has received her fall ontfit and 
equipment, with her crew and provisions on board, let 
the line at which she then floats be marked on the 
stem and stem post, and the displacement in tons np 
to this line be ascertained either from the design or 
by actual measurement of the vessel in dry dock ; this 
will give her light-line tonnage. Then take the hori- 
zontal sectional area of the light line, to which add a 
similar area one foot higher up, divide the prodnct 
by 2 and again by 35 (which, as stated above, is the 
number of cubic feet of 64 lb. each in a ton of sea- 
water), and the result will be the burden or tonnage 
of the ship when her load-line is 1 foot from her 
light-line. Eepeat this operation foot by foot until 
the owner says, " Stop I I will not sail my vessel any 
deeper." The sum of these foot-deep tonnages will be 
the entire tonnage of the ship, beyond which the 
owner will load at his peril. 

This subdivision of the tonnage into planes of flota- 
tion 1 foot in depth will ensure great accuracy, and 
maybe made an immense boon to the shipping interest, 
as port dues and other shipping charges, instead of as 
at present, being made payable on the entire registered 
tonnage of the vessel could be levied with ease by a 
simple reference to the ship's draught of water, on 
the weight only of cargo actually on board. 

Thus it will be seen how simple and easy is the 
solution of the tonnage difficulty, if only approached 
in a right spirit ; and it is not too much to say that the 
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sad state of our men-of-war and the disgraceful condi- 
tion of our merchant service could be met and over- 
come with equal facility, if only party and peraonal 
considerations were put on one side, and the matter 
grappled with in such a manner, as the vast national 
interests at stake most surely deserve. 

^CoSCLUSIOff. 
It will of course be understood that DjatteniQtical 
cslcnlations of considerable nicety have to be made 
in. working out the details of displacement, stability, 
strength of structure, and form ; it has, however, been 
thought hotter not to cumber this essay with such dry 
details, but rather to give the student a taste for the 
Bobject by writing a general outline, and referring him 
to the catalogue of works covering the entire subject 
of Naval Architecture, to bo found at the Patent Office, 
25, Suuthamptoii Buildings, Chancery Lane, London, 
which contain, go far as is known, every information 
as to the methods by which a ship, whether of wood 
or iron, a man-of-war or a merchant ship, a sailing 
vessel or a steamer, may be designed, built, fitted, and 
equipped for sea. 

But it is not sufficient that the student should ac- 
quaint himself with the mere theory of Naval Archi- 
tecture ; he should be a good sailor and practical 
shipbnilder, thoroughly capable of placing himself 
mentally in every position in which a ship is likely 
to find herself during her passage from the cradle 
to the grave. How many profesBcd naval archi- 
teots, it may be asked, havo Kny ex^neucA -n^^'ti- 
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ever of the enonooQs power possessed by WBves? 
Nay, more, is it too much to Bay that thoy rarely 
trnderstaDd the itimple fact, that in order to give a 
wave a chance to do real damage, the vessel must be 
Dearly as heavy as the water, or the water cannot get 
a fair blow at it; and that if safety is aimed at, it is 
most important that the proportions of a ship should 
be such OS to enable it readily to surmount the traves, 
while ita build should throw off the water, instead of 
enticing it to come on board ? If these conditioiiB 
were better understood by naval architects, it is hard 
to imagine that any one of the profession could be 
induced to take the responsibility of designing ships 
like those of the present day, full (from the sailor's 
point of view) of inherent defects, and positively 
dangerous, becaase narrow, long, and low in the water, 
BO that if a wave meets them amidfihips, the midship port 
is responsiblo for floating both ends, until those ends 
get a hearing on the water, and rice versa. In both 
cases the wave breaks on board with overwhelming 
force. The sea plays about such a ship, as if she 
were a half-tide rock; but with this difference, that 
the half-tide rocli has a foundation, whereas the long 
narrow ship has only fathoms of water under her. 
The real reason why so many classed steamers are 
lost is not far to seek ; and this essay, though neces- 
sarily brief, imporfeot, and scarcely more than a mere 
outline of ship building, will not have been wiitten 
in vain, if attention is turned to a subject not merely 
of national, but of vital, importance to the Empire. 
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Thk confittuctioD of telegraphs rants amongst the 
latefit of developod maanfactnrmg industries. A cen- 
tury ago telegraphy was only a dream. Lines of a few 
yards in length were, hero and there, heing hung up in 
gardens and rooms, and instruments of the crudest 
forms were being employed to demonstrate that one day 
this dream might possibly prove to be a reality. Then, 
for half a century afterwards, scoreely a year passed 
without some diacoTery or invention being made known, 
which brought the suggestion of a practical telegraph 
step by step neai'er towards realization, till at length 
we find a telegraph line actually put esperimentoUy 
upon a few miles of railway. Ten years later the first 
hesitating attempt was made to cross the Channel. 
From that date to this — six-ond-twenty years — the 
system of telegraph commimication has grown to such 
gigantic proportions, that every civilized land ie now 
traced by a network of suspeuded wires, and the bottom 
of every ocean crossed by submerged cables, placing 
the most distant points in momentary correspondence. 
Thus the dream of a century ago has grown into a great 
public service, iuto a great science, and iato a great 
manufacturing industry. 

It is with telegraphy in its last phase, that is to 
Sfty, as a manofacturiug industry, that me ha-ve Vq &.q 
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here. But so complutelj dependent is thie iodoBtry 
upon strict scientiiio principles, that it wonld be use- 
less to attempt tu give ttu idea of the iodaetry without 
makiiig cleur at the some time the scientific prineiples 
upon which it is based. 

We do not know what electricity « ,• wo only know 
wbat it does. All that we know of electricity is the 
phenomena which occompaay its manifestation, and for 
our purpose it ia of little importance what its nature 
may be. The reader's comprehension of the subject 
may bo perhaps rendered easier, supposing him not to 
be familiar with scientifio matters, if he regard elec- 
tricity in the light of a enbtlo ether oapable of being 
set in motion ; and, when ia motion, of being able to 
perform very powerful effects, when suitable opportu- 
nities are given it to spend the energy of its motion ii 
BO deiug. 

We find that tho earth is the great 
tricity, from which we draw supplies for all our appl 
cations and experiments. Wo find that all bodiea is 
contnet with tho earth ore in the same electrical state 
HB the earth ; but that if separated &om it, a portion 
of their electricity can be taken away from them or 
more of it can be given to them, and that the de- 
ficiency or superabundance so established can only 
be maintained, on tho condition that they are kept 
electrically separated or insulated from tho eorth. 
Experiment shows that through some bodies — such 
as iron, coi>per, and some lii^uids — ^eleotricity passes 
freely; and we therefore call thaia condudore. Through 
i>thei bodies such as china, iu< 
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porcha — electricity has great difficulty in making its 
way, and these we therefore call bad conductors or 
imtdalon. Wien theietbte a conductor ifl placed upon 
or supported by an insulator, it is id a conditiou which 
is called insulated, and its electricity may then be ailded 
to or taken away at pleasitce, by pumping into it ur 
ont of it. 

To do this, Bcienco has placed at our disposal Torions 
apparatus, which, when set in action, oiert a pumping 
effect upon tliia subtle fluid before and behind them. 
These apparatus are chiefly known HB/rictiotMlmackineg, 
tx^aic batteries, thermo-batteries, and maguelo-eledrir 
machines, and they have all the same purpose, viz. that 
of transferring electricity from one side to the other ; 
but they difEer in the way in which they are Bet in 
action, as well as in the quantity and tension of the 
electricity transferred. By quantity, let ua understaiid 
Bomething analogous to volume ; and by high or low 

ision, something analogous to high or low pressure uk 

Mplied to water. 
PTrictional, magneto-electric, and some other kinds 
if Btaohines are worked by rotation ; the force which is 
expended and disappears in producing the electricity 
is provided by hand or other moving power. Voltaic 
battoriea are worked by chemical means alone; the 
force required to work them being provided by dis- 
eolutions and recompositions of their constituent parts. 
Thermo-batteries are put in action by heat, and there- 

Kbeat supplies the force required to set this form 
lotrical pump at work, 
I electrical machines have tMa 'pxQ'^^i:!'^ m 
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eummoo, that no electricity is either generated 
storod uj) iu tlii?ia ; that is to say, that, when at 
exactly ob much electricity comes out at one side 
goes iu at the other ; that if any enter at one side, 
delivered up at the other; and that if none ia alloi 
to enter, noue is transferred. To set electricity 
motion, energy must be eapended; and reciprocally, 
electricity once freely in motion, eon he made to do 
mechanical work, to produce heat, magnotiem, light, 
or chemical effects. Thue the energy which we impart 
to electricity iu setting it iu motion may, at the exjwnge 
of coarse of this energy, be returned to na in the same 
or in a different way. Foremost amongst the efieots 
which electricity in motion can produce is magnetism : 
it con render two pieces of soft iron mutually attrac- 
tive, and it can hold deflected a steel 
magnetized. 

The electricity used for telegraphing purposes is, 
the great lines of public ti'afGc, almost exclusirt 
Toltoic. A long iuBuIated metal wire extends between 
the people who wish to commuuioate with each other, 
the two ends of the wire being put into connection 
with the earth. The wire, at the end whore the 
message is to he received, is coiled round and round a 
magnetic needle, which is fi'ee to move on an axis 
passing through its centre. At the home or sending 
end the operator divides his circuit from time to time 
and iufierta in the break a voltaic battery. The 
battery then sends a current of electricity flowing 
through the line, pumping it out of the earth at one 
end and letting it run back into the eartli at the other. 
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As often as the operator repeats this, which he is 
ennbled to do easily by properly arranged apparatus, 
he cttusee the magnetic needle at the other end to turn 
to the right or to the left, according to the direction in 
which he inserts his battery, and whether it is pnt to 
pump out of the wire or into it ; his correspondent 
at the other end interpreting by some conventional code 
the intelligence intended to reach him. This method 
IB known as that of the " angle needle." Or, instead of 
winding the wire round and ronnd a suspended magnet 
needle, it is sometimes coiled closely round a cylinder of 
soft iron a great many times, by which, whenever a 
current flows through the lino, the soft iron is ren- 
dered magnetic and attracts an armature on the end of 
a rocking beam ; and this attraction causing a sharp 
noiae every timo it takes placo, enables the operator to 
interpret by ear tho signals sent him. This is the 
Souader system. Or, the other end of the beam carries 
ft blnnt pin or a pen of some kind within a short 
rrow strip of paper, which a clockwork 
I regularly over it. When tho current passes 
'utd the armature is attracted to the electro-magAGt, 
the blunt pin or pen at tho other end of the beam is 
elevated and the paper marked by scoring or inking. 
In either case the mimber and length of the con- 
ventional signs dotormino their meaning. The first 
system is that nscd in England : it is simple, speedy, 

^^ and little liable to disarrangement of the apparatus; 

^K^ifi second is the system oommon to American lines, 

^^■^ greatly used also by tho Post Office in England; 

^^Bho last mothod is that employed on impoit^n.^ cona^cii- 
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cial lines, when a record is reqiiireil. Of course there 
arc hundreds of other methods nith iunumerable refine- 
ments and convetiieDceB, but those are the common 
working waj's of telegraphing. 

On suspended wires, the mto at which signals can be 
eent in this way is limited only by the rate at which 
the operator at one end can pat his battery in and out 
of the circuit at the proper intervals ; and that at which 
the operator at the other end can interpret the signs 
he roceiTes. The greatest rate attained with mannal 
transmission represents about thirty words per minute ; 
but there exist methods by which tho messages may be 
prepared boforehand, sent by a machine at a very 
much greater rate, and received at the other end in 
signals scored in ink, which can be interpreted at 
leisure. The most successful of these is tho " auto- 
matic" system, used on all the chief lines in Great 
Britain and other countries. By tbie method, holes, 
correspouding with tho signs, are punched out of 
a long strip of paper, which, when pulled rapidly 
through a machine, sends the currents flowing through 
the line at a rate equivalent to about 150 words per 
minute. With these so-called aulomalie systems, the 
speed of aondlng and receiving on suspended wires is 
limited by the rapidity with which tho recurring 
motions of the machines are capable of taking place 
with regularity and certainty. 

In Bonding through cables or lines submerged in the 
sea, however, the rate of signalling is not limited by 
the movements of the rnen or the machines, but by a 
retarding power, which esista to a very small degree 
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a Bnspended, but to a great degree ia submerged linee. 
It IB necesBury before proceeding to get an idea of what 
tluB retarding power is. 

Electricity poeseBBoa a distinctive property, to which 
wo know of no analogy. This property is called in- 
dudion, and it amonnta in effect to this, that wherever 
the electric condition of an insulated hody is made 
different from that of the earth, an opposite electrical 
state is close at hand, on the opposite side of the insula- 
tion ; and as long aa the electric state of the insulated 
body is kepi different from that of the earth, the snr- 
plua or deficiency is not distributed over the earth, but 
hovers as close aa it can get to the insulated body. 

I£ we dip ft bucketful of water out of the sea, the 
water closes up and leaves no sign, but we have our 
bucketful. If we pour a bucketful of water into the 
sea, it becomes at once common to the great reservoir, 
and we have an empty bucket. In either caso wo can 
show the end of the operation, aa far as wo are con- 
cerned, viz. a full or an empty bucket. But let us 
imagine such a state of things as this, that if we dijiped 
a bucketful of water, the empty space were to remain 
when we withdrew the bucket, and if we carried it 
along the shore, that the empty space would follow tts, 
however far wo went ; or let us imagine that we 
emptied a full bucket into the sea, and that the water 
BO poured in, instead of felling into the rest, were to 
stand up and follow the empty bucket when we carried 
it away. This sounds absurd, but it is very mnoh 
like what electricity does, and this is the phenomenon 
which we call induction. It is a bohavioai ^«Au\iax 
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to electricity, nnd one which has great inflnenc« upon 
telegraphy. We do not find, when we cool a body, 
that a corresponding heat followa it wherever we 
take it; nor, when we light a fire, that a corre- 
sponding amount of cold persists in remaining in its 
netghhouthood until the fire goes out. Beseryoirs of 
botli fluids and forces close up as it were so tw to 
hide a surplus or deficiency ; bat electricity will agree 
to no such compromise. Once a disturbance of 
electrical balance takes place, the dieturbanco lasts, 
and makes itself oonapicuous until equilibrium takes 
place again. Other matter and other force we may 
obtain or get rid of, and the deficiency or snrplus will 
be merged in the great mass of terrestrial matter and 
force ; but electricity eeoms to be endowed with laws of 
peremptory juetico. 

It is this mutual attraction between surplus and 
deficiency in oloctricity which renders it difficult to 
work through long submarine lines. Starting a current 
of electricity means the disturbing of electric equi- 
librium, and this at once sets induction at work. The 
fulness of electricity Sowing in the cable is accompanied 
by a corresponding emptiness flowing along outside the 
cable, or mce versa ; or as we say, speaking electrically, 
the positive electricity flowing in the cable attracts, as 
it goes along, a nogative charge outside it, or vice vend, 
and this negative outside charge reattracting the internal 
electricity, holds so much of it back, that it is con- 
siderably weakened by the time it roaches the farther 
end ; and, until this retarding attraction is satisfied, 
the flow of electricity does not attain its full force. 
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Some appreciable time, therefore, is repaired, before 
electricity, pnmped into the cable at one e 
recogaizable at the other ; the longer the cable, 
longer this interval of time. 

Bbqtjisitb PaoPKETiKe of Tblegbaph Lines. 
In the conBtruction of a line of telegraph the two 
[ijects Bought to bo obtained are: 1, speed of working; 
economy of battery power, Tho speed of 
working through any line is determined by its in- 
dnctive capacity and the resistance of its conductor; 
the economy of battery power is determined by the 
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degree of insulation of I 
three essential requisitoi 
line of telegraph : 






1. A low irtduplive capaoity, and \ 

2. A low cnndaotor resistanra j 
8. A high iusiUatioQ n 



There are therefore 
ially snccossfol 



;iva a high speed 

of working. 
. battery power. 



In dealing mth overhead wires, comparatively little 
mtion is paid to their capacity and resistance, 
e the induction of the dielectric air, many feet 
t thicknraa, which surrounds the wires, being low, 
bey are subject to very little retardation ; and as the 
iu single circuit are generally short, a working 
J always possible which is higher than even 
Bchanicol manipulation can attain, A high degree 
t insulation at the points of suspension along the line 
I, however, desirable, without which large and waste- 
. batteries become neoeseary in order to obtain 
idable Bigoals. 
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But in dealing with submarine wires, whicb, 
seceesBiy considerations of ecouomj, can only 
BUTonndod with a very spare coating of dielectriol 
material, great core has to be observed, to 
best results in regard to indactien and conductor re- 
sistance, nbicb given quantities of materials c&n afford. 
In this case also a bigb insulation is desirable, not so 
much with the object of saving the expense of a large 
battery, as to avoid the injurious effects whioh tim 
current wonld eiert at the weak phices of the cable. 
For this purpose the engineer employed to superintend 
the conetnietion of a aubmarine line has to subject the 
core length by length, as it is made, to a severe eleo- 
trical Bcmtiny, to be sure that the eloctrical propertiss.4 
whicb his calculation B have led him to anticipate for the-l 
quantitiea which bo has spocijied are fulfilled ; and also 
to insure that the materials supplied possess those elefr- 
trical conditions which the contractor has pronuBed. 

Underground wires are subject to the same cauBes of 
retardation as those used in submarine work, but the 
distances between the stations being short, the 
working of these lines usually suffers less in practice 
from induction and condnctor resistance than from 
defective inpolation. Buried lines are therefore seldom 
resorted to, except in large towns, where a great many 
wires have to be carried in the same direction. , 

Materials cbbd in SuBMABnte Oabixs. J 

Clipper Conductor. — The conductor of a submarine fl 

cable ia uanally formed of a strand or rope of seven I 

copper wires, the Interstices between them being [illiiilj 
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Tip with a bituminons compound. A conductor of this 
form IB preferable to a solid wire, because it has 
greater pliability, and may therefore be bent more 
repeatedly without becoming brittle and breaking. 

The copper selected for telegraphic parpoaeB is of as 
high a conducting power as can be obtained. 

The best known conducting bodies ore pure silver 
and pure copper. If there is any difference at all 
between theii' conducting powers when they are per- 
fectly pure, silver is believed to be the better con- 
doctor of the two, but the difierence in any case is bo 
slight, that oven if silver could be had for the saioe 
price, it would not find any greater employment than 
copper for the conductors of cables. Wo may there- 
fore assume that in telegraph cables we have for the 
wire the best conducting body of which we have any 
knowledge. 

The purer the copper, the higher its oonduoting 
power. In telegraph work, the conducting power of 
pore copper (at 75° Fahr.) is assumed to be aqaal to 
100, and the conducting power of ordinary commer- 
cial or impure copper is expressed as so many per 
cent, of this. Thus, if pure copper be slloyed with 1 
per cent, of silver, its conducting power is reduced to 
87, that is to Bay, 87 per cent, of the conducting 
power of pure copper ; if pure copper have mixed with 
it li per cent, of gold, the conducting power of the 
resulting aJloy is reduced to 66. There is therefore 
nothing to be gained by seeking to employ other 
materials than copper for the conductors of cables. 
All that is necessary is to see that it is as ^nia aa 
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possible, And to use m little of it as will give 1 
requisite speed of working. For this purpose the 
Lake Superior and Barra-Bnrra are tbe beet odttpted, 
their conducting powers vivrjing from 89 to ! 
cent, of that of chemically pure copper, 

The couductiDg power of & given metal is not alwi 
represented faithfully by the conducting power c 
given wire of it. The breaking strain of a fine wire is 
known to be proportionally much greater than that of 
a bar of the same material, and it is eimilar with its 
conducting power. The reason is in both c 
Bome ; for when a bar is rolled, or a thick wire dra\H 
it iavariably contains faults, somctimcB caused 
particles of non-metallic matter, and sometimes by 
bubbles and flaws. When these are meaeored with it, 
it is natural that its breaking strain and its coudncting 
power should nppoar low. But when it is being drawn 
down to finer gauges, the wire breaks at these places, 
and the remaining lengths, filtered as it were through 
the draw-plates, being more homogeneous, have a 
higher breaking strain, and a higher conducting power 
aleo. A strand conductor, therefore, possesses the still 
further advantages of a somewhat higher tensile 
strength than would be obtained with a solid wire, 
independently of its greater pliability. 

Insulin;; Materiah. — The materials used for the 
insulation of submarine lines are: 1, Guttnperoba, pnt 
on with intermediate coatings of Obatterton's com- 
pound ; and 9, Indiombber iu a moro or less perfectly 
vulcanized condition. Whichever kind of insulation 
is used, it is customary to apply the material in several 
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BucceBBive coatiugB, which together mate up the thiok- 
neBB neceeeary foi aSbrdiag tho reqiuBite electrical 
propertiee, m profeieuce to applying the material in a 
Biugle coating. The reason for this Ie, that a &iilt, 
which might easily occur in a single coating eufficient 
to rain the insolation, is (electrically speaking) reduced 
to comparative insignificance when covered up in two 
or three outer coatings, in which it is infinitely im- 
probable that similar faults would occur at identically 
the same spot. 

Gatlaperdia and GJiatlerton's Compound. — The native 
guttapercha is cleansed of impuritiee and rendered 
homogtmeoTis by various processes of washing, mastica- 
tion, and filtration under pressure through fine wire 
gauze. Guttapercha is applied to the conducting wire 
by moans of a die, through the centre of which it is 
drawn, add out of which the plastic material (at a 
temperature of boiling water) is forced under pressure. 
The conductor, when a strand, is usually coated with 
Chatteitou's compound at the time that it is etrauded. 
When this is the case, the strand, before it pasees into 
the back uf the die, traverses a gas jet, which softens 
the compound, and prevents any irregularities in it 
afTecting the concentricalncss of the guttapercha with 
the wire. The conducting wire, with its first plnatic 
coat of guttapercha, as it leaves the month of the die, 
enters a long trough of cold water, in which it is 
passed backwards and forwards ten or a dozen timee, 
over and under pulleys, and by this means its ooat 
becomes consolidated. It is believed that in all gutta- 
percha manufactories the core la tested foi i&%^aiiAss&. 
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between tbo applicntion of each i 
Any faults of tuagnitude are tlien discovered, and t 
coating is in thiwo pUceB mude f^ood. The c 
then coTcrcd with a thin layer of CLatteiton's 
pound, which fills up any possible Email accidents 
irregulciritioB in the first coating, and provides a mea 
of cenieuting the Baccesetve coatingB together. 
following coatings of 2>ercha are applied similarly t 
the first, only, of course, through larger dies ; the o 
pound being wanned by passing through e 
before the unfinished core enters the die. 

The same mechanical powers of endurance, whi<j 
render this material valuable as a subetitute for leath 
for the Boles of boots, and for many uses which put itj 
tenacity to sevoro tests, render it peculiarly adapted & 
the insulating covering of enbrnariuo cables. Gntt^ 
percha is compressible, and, when eiposed to the uni- 
form pressure at the bottom of the sea, its instilaticm 
improves at the rate of over 50 per cent, for every 
mile depth in which it is submerged. 

Permanence of Gttltapercha. — Wlioa guttapercha is 
left in the air uncovered, and especially when exposed 
to the action of light, it soon becomes brittle and 
cracks. This may be due to the escape of some 
esBontial oil from it, whoso presence is necessary to 
its tenacity; or it may be due to a process of osid^ 
tion. But beyond tlio mere knowledge of the observed 
facts, and the significant warning which they give, the 
want of pennaneuce of guttapercha when exposed to 
light and air is not of im[iortanco for the purpose under 
consideration, as subtuariuo telegraphs ore suiiposed to 
oiiat is qaito difibrcut conditious. 
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In water, gnttaperchft may be said to be imperisb- 
able. Ill 1851, Mr. Brett laid the Dover-Calaia cable, 
and in 1869, wbeu aome of it was recovered, the gutta- 
percha waa found to be in a perfectly good condition. 

When first manufactured the insnlation of gutta- 
porcba core is low ; but it improves rapidly ae it gets 
older. As an instance of tbia, a knot length of ordinary 
guttapercha core mannfaeturod in January waa found 
to have a resistance represented by 188. Its resistance 
in September had increased to 401, or to more than 
double its original -value, representing an average im- 
provement of 16 per cent, per month. 

Indiarvbber. — Various methods of applying india- 
mbber as an insulator to cable cores have been pro- 
posed, have been tried, and, in the majority of instances, 
have failed. Mr. Hooper's proeesa ia the only one 
which has assumed proportions entitling iadiarubber 
to be considered as approaching a level with insulation 
by guttapercha. Mr. Hooper's corea are covered with 
vulcanized indiarubber, but they differ from ordinary 
vnlcanized indiarubber core a, inasmuch as the vulcaniza- 
tion is not uniform throughout, but is very slight (in 
fact, scarcely traceable) in tlie interior nest to the wire, 
whilst it ia comparatively perfect towards the exterior. 
In this judicious graduation of the vtdcanizing con- 
1 the peculiarity of what is eommonly known as 

Hooper's material," 

Xhe reason why this graduation is so successful is, 

t the inductive capacity of indiarubber increases 

1 it is vulcanized, and therefore, the more it is 

,he lower becomes the wuvkiiig s^wA ol 

^ble insalated with it. Heuco it viOM\4 a\i'i\.'i'a!&3 
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be doBirablo to inBulale cables nitli pore indiarabber, 
which might be done were it not for the fact, that 
pure indiarubbcr in time becomes treacly, whereas it 
retains its molecular condition nitimpaired when t 
oanized to a eufBcient degree. Between these two o 
didoQB therefore it is necosaary to choose a tneditM 
couTBO. When the vulcanization is iniii£icienl,thoa 
is in danger of becoming tacky; when suffieiejUly 
vulcanized to prevent thie, its electrical virtues are 
impaired. Mr, Uooper'a process has accomplisheiH 
more than any of the others which have been e 
gested, to atoor clear of both drawbacks. The way ii 
which he prepares his core is as follows: 

Tlie copper conductor, tinned on tho outside to 
prevent chemical action setting in between it and the 
rubber, is covered with two longitudinal strips o " 
rubber, which form two half tubes about the a 
their frcahly-cut edges uniting immediately under 6 
pressure supplied by tho circular cuttera themselve 
A second coating of pure rubber, having its longi- 
tudinal joints at right angles to those of the first, 
ia usually applied. These coatings are then enveloped 
in the same way with one of a material compounded 
generally of indiarubber and oxide of zinc. Over 
this is one coating, or sometimes two, of rubber con- 
taining sulphur, and, oufaido all, a spiral lapping of 
prepared felt, which keeps the whole compact. The 
coating containing the oxide of zinc is called the 
separator. Its object is to prevent, to a great extent, 
the sulphur contained in the outer coat vulcanizing the 
pore rubber in the interior. The vulcanizing process 
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conBieta in subjecting the whole, whilst laid out on 
a Buitable Iray in a Eupetheateil steam vessel, to a 
tempemtare of 250° Fahr., in wliicih it is baked for 
some honrB. In the baking, it all becomes consoli- 
dated into a compact mass; some Bulphur penetrates 
through the " separator," vulcanizing the pnre rubber 
underneath sufBciently to prevent ita subseqwently 
becoming tacky, but not so much as to materially lower 
its high electrical virtnee. 

Indiarubber-covered wire requires to be more care- 
fully handled than that covered with guttapercha, 
because the material being very elastic, and fresh 
wounds in it having the property of being, to some 
extent, self-healing, it is liable to hide, for a time, 
faults which arc made in it. 

As an instance of this, it has been found that if 
a piece of Hooper's core be sharply struck with a 
hammer, the maforial will receive a split, although to 
oatward appearance it remains uninjnrod ; whereas 
guttapercha, being less elastic, shows its bruises more 
distinctly, and is therefore less liable to develop 
faults subsequently, nhich have had their origin in 
sligbt mechanical accidents in the factory. 

The Section of the Core.— When a long line of sub- 
marine telegraph is determined on, and there is suffi- 
cient information as to the condition of the coast on 
each side, and soundings between them, tke route can 
be decided and the length measured off approxi- 
mately from the charts. To this length, in subsequent 
calculations of speed, etc., between 10 and 16 per cent. 
are added for slack, according to the iu.t\u«> (i( <Oiu£ 
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bottom. Tho engineer lias then to decide npon tbe 
quantities and qoolities of materials to be used in 
the miuiufaeture of the oore. These quantities depend 
a|>ou whut is afterwards required of the liue, that is to 
say, bow many werds per minute it will be nocCBsary, 
with a certain system, to transmit through it, so as to 
make it commercially auccossfuL 

The data npott which this calculation is based oie, 
the length of tbe liue, and tbo ratio which it is con- 
siderod safe to employ between the weights of tbe in- 
sulator and tbe copper. This ratio between the weights 
of the materials is simply tho weight of insulator 
divided by the weight of copper; but as it is im- 
possible to Buy what these weights will have to be, 
in order to give the required speed, only the ratio 
which shall exist between them can ho determined on 
9.i starting. 

This ratio vories between 1 and 1 ■ 33 for guttapercha, 
and between ■ 8 and 1 ■ 2 for Hooper's material. In 
the Malta-Alexandria (1861) cable, the guttapercha 
and copper weighed each 400 lb. per knot ; the ratio 
in this cable was therefore JgJ = 1. In the Atlantic 
(18G6) cable the guttapercha weighed 400 lb. and tbe 
copper 300 lb. per knot ; the ratio for tho cable was 
therefore ^%% = 1 ■ 33. As a rule, the lower this ratio 
is, the cheojier \vill ho any cable giving the Eome 
working speed ; because the insulotor is much dearer 
than tho conductor, and, within certain limits, a pound 
of copper added to the conductor does more 
creasing the speed, than a pound of insulator added - 
its covering. 
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kying detennined, therefore, what the 



jweighf of inanlalnri 
\ weight of popper } 



fihall be, and calling this ratio («), the following fonmila 
gives the weight of copper in ponnda per knot re- 
quired: 

lb. per knot ; 



j.(l'05Vl + fla) 



a being the required speed in words per minute, I the 
length of the cable in knots, and ^ the relation between 
the specific gravitieB of the materials of insulator and 
copper strand. 



i. 



For guttapercha 3-6 

Hooper's m It lerial B = 5 



numerical constant B varies with the instrn- 
meats employed and the material of the insulator, nnd 
general cases is as follows: 



ic guttapercha, nith mirror gnlvnnometer B :^ C1D,000 

Morse apparatus ■ . B = 36 , 500 
, Booper'a material, vitU mirror galvono- 

B = 810,000 

Morae appartttus .. B= 49,000 

IThe weight of insulator in lb. per knot is obviously 

I In this way are obtained the least weights of in- 
Uitor and conductor, which, under the given condi- 
i, will afford the required speed of -wotKn^. 
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To mnke thla t^nite clear, let a practical example 1| 

In a projectod cable it is detennined to employ eqiuit 
treigbta of copper Btiaitd nod gottuperclia (tberefoifl 
u = 1): the length (^ is 2000 knots; and it ig required 
to work with the mirror inetnunent at 
«tB (») of SIWd wonia a mintits. 

The weight (ir) of copper will therefore be : 



15 X 2000* 

"eiO.OOO X log. (i-osVt^) 



I 210 lb. per knot 



The nnmber of pounds of copper and pounds d 
insulator of standard quality that will suffice for o 
taming the reqnired speed without needless ' 
of expensive materials can now be specified. The 
next thing is to ascertain what electrical conditionB 
these qnantities represent, that is to say, how e 
resistance, as a maximum, each knot length of 1 
conductor must have at 75° Fahr.; how much i 
tance, ae a minimum, the dielectric of each ] 
of the insulated wire should have at the I 
perature ; and lastly, how much, as a 
the electrostatic capacity of each knot length of t 
core sbonld amount to. To arrive at a knowledge of 
these figures, an average mnst bo tEiken of the beet 
cables made upon the diSerent systems ; and knowing 
their dimensions, and knowing also their quantitative 
electrical conditions, from these can be calculated, by 
simple rules of proportion, what the qnantitative ci 
ditiona of any intended cable should bo. 

Uniform Temperature.— la stating the electrical o 
B of cable cores, it is the custom to Tcfer U 



electrical ooi^^| 
refer toaM^H 
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perature of 75° Fahr, (2i° cent.). During the rigorous 
ajHtem of testing appl d n 1860 t the core of the 
Malta-Alexandria cable the plan was first adopted of 
keeping the coils imm ts d n wat at a temperature 
of 24° cent., for some h ura b f e they were measured. 
The TeasoD of this was that th es stance of guttaporclm 
was found to vary very g eatly w th 1 ght variatiouB of 
temperature ; aa increase of only 10^ Fahr. being 
sufficient to reduce the insulation resistance of this 
material to hnlf its original value, or a decrease of 10° 
to increase it about two-fold. Isdiarubber is similarly 
affected, but to a lesa extent ; a difference of about 
25° Fahr., one way or the other, being neccaaary to 
alter its resistance within the same limits. 

It becomes evident, therefore, that in order to anive 
at anything approaching an exact knowledge of the 
electrical conditions of the insulating material, the 
exact observation of itis temperature is the first requisite. 
And when it is borne in mind that a difference of 1" 
Fahr. produces a corresponding difference of 6 per cent, 
in the observed resistance of a guttapercha cable ; 
that an error of 1° Fahr. therefore gives an error of fi 
per cent, in the result, it is not surpriaing that, how- 
ever carefully the manipulation is carried out, none of 
the insulation measurements of guttapercha cables, 
when stored in tanks, are to bo de^iended upon within 
10 or 15 per cent. 

Notwithstanding that the insulation of these mate- 
rials alters so greatly with tomporature, it has fre- 
quently been observed that the full alteration of 
reBietance does not take place simoltaiieoaBVj 'w\'i]ii %«i 



8G ISHmSH MANUFACTUBISa INDUSTRIES. 



1 



tompcrature, bat Bome timo afterwards, followisg 
with B certilin degree of inertia. 

Sixteen yoarg ago, daring the tests of the Malt**' 
Alexandria cable, it was found that when a coil of 
guttapercha core (which bad acquired a uniform tem- 
perature, and whose resistance of copper and dielectric 
had become constant) was transferred in water of a 
diffei'ent temperature, the copper quickly indicated an 
altered temperature, the guttapercha more slowly ; the 
copper at length indicated to a nicety the exact outer 
temperature, while the guttapereha was still behind. 
This phenomenon was also observed in testing the 
Atlantic cable before submersion. Coils of core, when 
placed in a tank of water at 24° cent, were found 
to go on increasing in copper resistance, indicating 
corresponding changes of temperatore always 
hours in advance of the gattaperehn. 

When therefore the temperature of water in 
a core or cahle is placed is changing, the resiatancfr'' 
at any moment does not correspond with the tempera- 
ture which the core has, but that which it had some 
hours before. 

In consequence of this fact, the system waa intro- 
duced, and is still followed, of ttating the single 
lengths of core at the guttapercha factory, after they. 
have been kept immersed in water at 24° cent. 
twenty-four hours. 

If the coefficients of increment for the conductii 
power with temperature were exactly known for guH 
perchtt of all thicknessea and of all ages, it would not 
neoesaary to test each coil of a cable at 
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any other temperature would do as well, provided only 
that it were not allowed to change during the tivonty- 
four hours immediately preceding the test. But, uu- 
fortunfttely, the tables and coofScienta of the rtieistancs 
of guttapercha for different teraporaturea are only 
approximate. There havo been elaborate and careful 
series of dotenninatione made, from which coefficients 
and tables have been constructed. 

These coefficients and tables were, at the time, 
strictly applicable to the coils which wci-e tested ; but 
since the electrical properties of manufactured core vary 
with its age, the strict applicability of these coefficients 
and tables was not to be depended npon a few months 
afterwards, even for the Tory coils upon which the 
experiinents were made. And for other coils they are 
not so, becanso guttapercha is not always of onifomi 
quality. 

The extent to which this material alters may be seen 
fiv)m the following table of resistance of guttapercha 
cote, moBBitted at the freezing point of water, when the 
resistance at 24° cent, was taken as^ 1 : 



Pereian Gulf (1864), core 
French Atiantio (IS 69) 
Snuill coru (1871)) 
Silvertown guttapercha 



■For the sake of uniformity, insulation resistance 
f now nieasurod whenever practicable ns 75° Fahr., 
A when this is impossible, the best known coeffiouiat 
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is nsed to rednce tlie result to that temperature. 
Uauall;, the insulation resistance is observed after the 
battery has been applied for one minute, and when 
speaking of the insulation resistance of any cable 
without mentioning the time, it is always understood 
to mean that electrification has been allowed to proceed 
for one minute before the resistance was obeerred. 

For estimating the electric properties of any pro- 
jected cable, data of the electric properties and dimen- 
sions of the core of similarly insulated cables are token 
oa standards of merit to obtain numerical constants for 
certain practical formulra. 

The copper resistance should be « 

119200 ^1 
ohaiB per knot at 24° C, ^B 

when the quality of the copper specified is snch, that' 
its conducting power at that temperature is y per cent. 
of that of pure copper and the conductor contains u) 
lb. of copper per knot. 

The insulation resistance per knot after one minnt 
of a covered strand at 'i¥' C. averages 

C log. 1 1 ■ 05V 1 + 7 — 1 mesohmB. 
W = weight of insulator per knot 

For gollapeKha C = 769 and t = 6 "1 
For indiaruliber C = 15400 and y = 5-' 

The electrostatic capacity of a knot of covered st 
averages 

uicrofamda. 



l9S. (l-05v/l + ,^) 
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With the aid of these formul*, it may be predictod 
what will he, or at least should be, within a small 
range of the truth, the electrical properties of tho par- 
ticular cable Bpecifled, provided the materials used are 
of the same quality aa those taken aa standards of 

Serving and Sheathing. — So far has been shown how 
the cable conductor is enclosed in the inBolating 
covering, by the two methods at present employed ; 
and how the electrical properties of the core so oen- 
structed can bo determined and foretold. These wires, 
covered up in guttapercha or indiaruhher, are, however, 
too easily liable to mechanical injury to be submerged 
in the state in which they leave tho factory. It be- 
comes necessary, therefore, to encase them in n nhoatbing 
which will serve them for an armour against rough 
nsage. To do this effectually, however, their weight 
must ho very considerably increased, and this increased 
weight entails provision for an increased longitudinal 
strength. 

There are two types of covering for doop sea cables, 
which have succeeded and have therefore come into 
extensive use ; and between the advantages of theeo, in 
the course of a few years, a bettor judgment may be 
formed than is possible now. 

In type 1, the cable is sheathed with a complete 
e of iron wires, the core being first s^oa iotis,^ 
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with a Bcrving of jnto yarn Butnrated is tan Trater. 
This jnto serving is geQerally applied only as a bed 
orjtadding, to prevent the iron wiroB proBging upon the 
soft material of the insulator and injuring it ; it is 
however sometimes applied to a greater thickness, ii 
order to allow moro iron wires, or wires of a larger 
guage to be laid round it. The iron wires are the 
laid round longitudinally close together in a Ion 
helix, so as to form a complete iron armour. 

In order to provent tho subsequent rusting of Utesa 
iron wires in the sea, two measnres of precaution are 
taken : Ist, tbey are galvanized, that is to say, coated 
with a thin film of zinc ; 2nd, the sheathed cable i 
clothed in a casing of hemp and asphalts, or what i| 
known as Clark's compound. 

After the cable is asphaltfld and before it enters the" 
store-tank, a stream of cold water is allowed to run 
over it to consolidate the compound. Each layer, as it 
is coiled into tho tank, is covered with a thick coatin^a 
of whitewash to prevent the layers sticking together. * 

The second type of succesBful deep sea cables is thi 
called, in contradistinction, light cable. The core % 
first spun round with a padding of tanned jute, 
then sheathed with a few iron or steel wires, each (j 
which is embedded independently in the centre of *■ 
rope of the best Manilla hemp. 

The great difference between these two forms of 
protection is, that whilst the eocond type is specifical^ 
lighter, it has a much higher proportional breaki 
strain. Such cables are therefore more easily reeovet 
able, because they bear the weight of a greater length tl 
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tlie Bca. TLey are, Lowever, not eo durable ae cables 
belonging to tho first type, aud will therefore probably 
be only employed in future wLere tlie deptlis are so 
great ns to preclude the laying or recovery of the other 
form. In specifying the qualities for the outer cover- 
ing of any cable, the combination of wires, or of hemp 
and wires, gives always a greater broakii^ strain than 
that which corresponds with the sum of the materials in 
detail. The breaking etrain of a dozen wires forming 
the sheathing of a cable is greater than a dozen times 
the average breaking strain of a single wire, and it is 
perfectly natural that it should be so. When weights 
are hung upon a wire, the weight that suffices to break 
it is not its average breaking strain, but the breaking 
strain of its weakest point. And if a dozen similar 
wires are combined in the form of a cable, the 
strongest points of some probably occur just where 
the weakest points of others are ; so that, in breaking 
thom, the strong and weak points have to he broken 
together. Therefore, the average so obtained is always 
higher than the average breaking strain of separate 
wires. The same applies to tho hempen strings used 
in cable coverings. If a series of single hemp strings 
break at an average weight of 100 lb., a dozen of them 
twisted together and forming a single rope require 
considerably more than 1200 lb. to break thorn. 

If the maximum depth of the sea were known in 
which it was intended to lay any projected cable, the 
amount of alack had been determined on with which 
it was to be laid, and tiie specific gravity of tho cable 
also known, it would bo easy to Aeftida 's^saA. 
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breakbg Htrain it mnst linTo ia order to be able to lay 

it sucoosBAiIly. Aud if, furtlior, it could bo asenmed 
that the bottom of the ocoan were Imrd, the streagtli 
nece§Bary for it to have, in order to be recovered, 
be calcnlfttod with facility. The Hpecific gravity 
a cable, however, cannot be known until it has 
deBig&ed, and therefore it becomee necessary to deter- 
mine upon the details of the onter covering first, and 
then, by a backward process, to find if the required 
conditions of strength will be fulfilled. If they 
not, the design is altered — the number of wires 
their gauge — until the result appears satisfactory. 
this operation actual experience goes much farther 
than theoretical considerations, and as the cable some- 
times sinks deep into the mud at the bottom, from 
which it mast be pulled forth ngain, and for which ild>i 
exact calculation is possible, actual experience 
justly the best of it. 

In any coao, the first thing to be observed is 
take sufficient wires to cover the cable well, iaclut 
a sufficient serving or podding to protect the 
a rule, however, it is well to boar in mind that 
fewer the wires and the larger thoir gauge, the 
surfaoe is presented for rusting. There are two i 
in which the weight of hemp serving or paddi 
may be approximately calculated. In the first pic 
it may be found when the diameter [d) ia inches of oi 
of the («) separate wires which cover thi 
diameter (Dj) of the finished cable, and the diamt 
(D) of the core are known, by the following formula, 



Tea 



:3[D/-D=-nj\t' 
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vhicli givee the weight of the hemp in cwt. per 
knot. 

The other way to do this is to maks a. drawing to 
scale of the traneveree section of the cahle. The dia- 
meter of the common centre-line of the outer wirea is 
then divided into two parte (a and V) hj the exterior 
of the core on one side. If the diameter of a single 
wire be (d) inches and there be (n) of them, the weight 
of the hemp serving, per knot, is given by the follow- 
^ne formula, 



-(-x) 



921 ni- -3- 1 cwt. 



^" If the cable is to be laid in this form withont any 
bituminous casing, its specific gravity can be calcu- 
lated and its weight in sea water ascertained approxi- 
mately. To obtain the true specific gravity of a cable, 
it would be first of all necessary to esclude all air 
from the fibres of the hemp. When a piece of finished 
cable is thrown into water, however, the air is not 
entirely eicluded, and tends to buoy it np slightly. 
Much of the air contained in the fibres is probably 
never entirely excluded. 

Cable Luijiwj. — The finished telegraph cable, coiled 
carefully in water-tight tanks on board a suitable 
steamer, is sent out to its intended destination in as 
perfect an electrical and mectonical condition as the 
engineer can obtain. The real troubles of tho sub- 
marine telegraph only begin with tho paying out. At 
the factory a fault is of minor importance ; but at eea, 
and especially during the process of submersion, the 
disooTery of a faulty place is attended with ver^ 

^fcjous tmabh. Proportional ce.i:o ia ^^ii^li^te Xak.'.iM. 
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to avoid contingencieB of this natnre. The process of 
paying out cables is simple eaougli in principle. In 
tlie early days of cable laying, engineers were em- 
ployed to superintend the opemtion ; more recently 
it has been found that the chief work is in handling 
the ship, and that therefore more limited intelligence 
suffices. 

The cable near the shore is always heavily coi 
with iron wires to protect it against anchorage 
the action of tides and waves. Farther out to. 
where the depths are greater, one of the lighter types 
of cable is taken. The cable as it leaves the tank on 
board the ship, is passed over a series of pulleys, and 
over a break apporatne, which prevents it running out 
too fast, and over the stern of the fihip into the sea. 
A certain percentage of slack (10 to 15) is allowed 
for irregularities of the bottom. When a fault is 
found to have occurred in a submerged line, it has to 
be grappled for and fished up again at the faulty pkce 
and repaired. Sometimes this operation is an ex- 
pensive one ; the reparation of a single fault costing 
20,000{. to &0,OOOZ. in such cables as tbose which join 
America and Ireland. 

Since the late Sir C. Wheatatone, in 1840, prepi 
plans for a submarine cable between France 
England, a scheme which was actually carried 
only ten years afterwards by Mr. Brett, 
like 55,000 miles of cable have been submerged at 
total coBt of little under 15,000,000/.; of aU 
little more than half is at present in workable 
dition. The lifetime of a deep-sea cable would 
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appear to extend on an average beyond ton years; 
therefore in tte admimBtrotioa of such a line, proviaion 
should be made out of profits for a renewal at least 
once witbin that period. The lifetimes of paat and 
present cableB have been rather chequered : with some, 
comporatiyely few repairs have been required ; with 
others, the broken down etate would Beem to be their 
normal condition. Unless proper provision is made to 
meet the espenae of repeated repairs, to have duplicate 
cables, BO that one can always carry messages when 
the other is being repaired, and to effect entire re- 
newals at no distant periods, no deep-sea cable company 
can avoid being in the end a financial failure. The 
result of a desire to cheapen unreasonably the tarifis 
for long submarine liues, muBt be to prevent proper 
provision being made for these requirements, aud then 
the invested capital of the company must be continually 
increased without a proportional increase in the value 
of their property. 

With the amount of money which, has been expended 
in establishing submarine cables, much more might 
hove been efiected, had the interests of the telegraphing 
public and of the shareh(.>ldors been as faithfully con- 
sidered in all cases as the interests of the contractors 
and the financiers. 

OVEEHBiD TeLEQBAPH LiNKS. 

iThe construction of overhead telegraph lines demands 

little engineering skill ; consisting mainly in 

iging np and stretching given lengths of good iron 

such a way that the loss of electricity at the 
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points of BUBpeosion ie as little as poBsible, that they 
are not bo tight o» to break through contraction in cold 
weather, nor eo slack as to bo blown into contact with 
eiwh other, or with anything else, in high winds. The 
insulation of the points of euBpension ie efiected by 
hanging the wires upon, or tying them to what ore 
called imalalorg, that ie, suitably formed cups of porce- 
lain or etoneware which are screwed to the supports or 
held by bracket a. 

Oferheiid lines may be subdivided into overland 
lines and overhouse lines. For supporting overland 
linea, it is customary in England to employ wooden 
poles. Theso are planted a few feet in the earth to 
keep them firm, and stand 20 foet or so out of the 
earth, their thickness depending of course upon the 
number of wires which they are intended to carry. 

Wooden PogU.^M.1. Calley * says that he finds good 
foreign timber to be the most durable ; but that it is too 
dear to be used in England, unless in positions where 
appearance and great strength arc an object. A very 
serviceable wood is English larch of thirty to forty 
years' growth, cut close to the ground so as to obtain 
the "natural butt" of the tree. By preference the 
poles are prepared, before being used, by treatment 
with some antiseptic, such as creosote or sulphate of 
copper, which adds greatly to their durability, 
however, seasoned poles are used unprepared, it i 
reoommended that the bntt ends should be well r 
over a alow fire, and slightly charred from the end |l 
about a foot above the intended ground line, 

* ' HandiiiM^ of Fnwtical Telogmpb;,' aixtt ed., p. 126. 
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then be tarred, whilst hot, with a mixtnie of four parte 
of gas tar (boilGd with powdered quicklime to expel 
water and ammontB.) and one part of Stockholm tai'. 
It is recommended that, after being planted on the line, 
the poles ehonld be allowed to remaiii three or fonr 
months before being painted, in order to enable them to 
dry thoroughly. The painting should be done only in 
very dry wenther. When naseiisoaed timber is em- 
ployed, the bntts are charred and baked, hut not tarred, 
because the tar prevents green timber drying, and thus 
facilitates decay. The tarring then takes place, after 
the poles have boon planted sufBciontly long to enable 
thom to get thoroughly dry. 

On the Post Offioo system, for lines of ten wires or 
less, a diameter of 6 inches at the top is considered 
sufficient ; if more than ten wires, 6 inches. About 
twenty such polos are employed, per mile, on straight 
portions of the lines and more at curved portions. 

The whole cost of telegraph poles of about 25 &et 
in length may be roughly estimated as follows : 

6coloh fir .. .. per lined foot 2d. to Sd. 

»„ aulphate of copper „ id. „ 5rf. 

Baltic red pine .. ., iid. „ 5d. 

., oreoeoted .. ., 6d. „ 6id. 

Iron telegraph poles are greatly used in South 
America and Australia, the best being those of Siemens, 
Oppenheimer, and Hamilton. Siomens' poles are made 
with a east iron socket, having a Mallet's buckled 
plate for a foot, and carrying a welded conicsl tube 
tbme. Oppenheimer's poles are made teleBCo^ic, and 



[ 
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UO more easily packed, Hamilton's poles are made 
of afaeet iron bout into a circnlai' eectioa and riveted. 
Iron poles are Diuch more durable than wooden, and 
hence their groat ralno for countries where Topaire and 
renewals are attended with difScnlty. The cost of 
iron is however much greater than of wood. The cost 
of any form of iron pole may be roughly estimated at 
la. 6f/. to 2a. per foot run. 

Wire*. — For long and important lines, No. 4 galva- 
nized iron wire is used; for ordinary lines, No. 8 ; and 
foiahort lines No.ll,B.W.6. Great attention is paid 
to the manufacture of telegraph wire. The best quality 
is drawn in lengths of 80 to 120 lb. without welds, 
and it is " killed " or stretched about 2 per cent, in tiie 
mannfactore, by passing it over two drums, of which 
one has a rather larger diameter than the other. It is 
also made to pass under considerable atraia over and 
under a series of pulleys or atude placed zig-zag, so as 
to open and break any aplits or faults which may exist 
in it. 

The tests to which telegraph wire is subjected are, a 
breaking strain and the number of times that a length of 
6 inches of the wire can be twisted round its own axis 
without breaking. The breaking strain may be roughly 
follows for good telegraph wire : 



No. i B.W.G. breaking b1 



All telegraph wire should be galvanized, i. e. coated 
with zinc. 
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JiwaZaitws,— The insulator mostly used in England 
IB known as Varley's; it consists of two inverted cnps 
of eartbenwBxe, one cemented inBide the other, and 
supported by a central pin cemented in the interior, 
and held by a bracket which is screwed to the pole. 
The cost of these inaulators with brackets complete 
may be estimated approiiniately as follows : 



On the Continent the insulators most commonly used 
are made of white porcelain and are somewhat dearer. 
Siemens' insulator is a very good one, hut dear. It 
consists of a cast-iron hood protecting an inverted 
porcelain cup, inside which is cemented a hook to 
which the wire is suspended. 

Earth Plateg. — Half the telegraph circuit consists of 
the Enrth. Therefore a good contact between it and 
the wito is indispensable, in order to pump the elec- 
tricity cither out of or into it. At the ends of lines 
of great importance, the earth plates should con- 
sist of sheets of copper at the ends of insulated 
copper wires, buried at a sufficient depth to inEnre 
their being continually wet, or submerged in a river 
or other piece of water. Water pipes form very good 
earths, and gaa pipes also ; but the latter are less to bo 
recommended from their liability to leak, and the gas 
to become ignited in case of a stroke of lightning. 

Besietance of Overhead Wira. — The wire resistance 
of ovfirhoad lines depends npon tie t^vi&lltj Q? t\ie ^x«Vl^ 
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tho size of the wire, and temperature : approxinuLtely 
the conducting roBietanoeB of average wires ate t 
follows at meao temperatures : 

No, 4 B.W.G. 7'7ohtna per statute mile. 



This resistance increasee at the rate of • 2 per cent, foe 
each degree rahrenheit of temporature. 

Tho insalalion resistance of overhead wire varies 
with the condition of the weather. When tho weather 
is fiue and dry along the whole line, the insulation 
resistance will sometimes rise as high as 100 meg- 
ohms per mile. When the weather is rainy along 
the whole length of the line the insulation resistance 
will frequently ttUl to one-tenth of a megohm per mile. 
Sometimes tho wonther is fine at some parts and rainy 
at other parts of a long line ; in this case a medium 
value is generally fonnd. 

Induction of overhead wiVeg is observed to a much less 
extent than in submarine cables or in buried wires. 
The electro-statio capacity of overhead linos averages 
1 microfarad per 100 miles of wire. It ie not easily 
measured, on account of the usually low insulation, and 
the wire resistance, which combine to facilitate the 
escape of the charge over the insulators, before it has 
time to return to the measuring instrument. In general, 
the consideration of induction on overhead lines is 
entirely neglected ; but in dealing with duplex systemB 
which have lately come into use, it becomes necessary 

take its effect numerically into a 
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Sag of Wire. — It is impoBBiblo to strain a wire 
between two supports in STicli a way as to form a 
straight line. The dip or sag, that is, the vertical 
distance between the wire and a straight line joining 
the supports is less, the tighter the wire is strained. 
The wire should never be drawn up so tightly that its 
mazimum strain is more than one-sixth of the esti- 
mated breaking strain of the wire. 

The following table wiU enable the strain to bo 
calculated for any wire, when the span and sag am 
Known, 



I 



400 „ 



To find the actual strain in pounds, multiply the 
sectional area of the wire in sijaaro inches by the span 
in feet, and the product by the value (k) given in the 
table opposite to the nearest relation of the span to 
the sag. 

Stays and Strvte. — When the line makes an angle at 
a pole, the pole requires to be stayed or strutted. When 
the strains of the opposite sides ore equal, the strut 
or stay should bisect the angle which the wire makes 
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at the pole. Bnt h it more geDenOj hftppens that 
the two Bp&nB have di&rent Btrains^thertnitoretayhas 
to be placed acoordinglj. To find the best directioti 
under ench eircnmatanoea in which to place the stmt 
or Htny, the eimpleet role is as follows : Find by the 
foregoing table or otherwise the Talnea of the two 
strains ; meaenre off from the pole in the direction of 
each wire a length proportional to its strain. Join tiie 
ends of the measured lengths hy a straight line, the 
middle point of which sighted towards the post giTos 
the proper lino for stmt or staj. 

At oorves it is customary to let the poles lean back 
xlightly against the strain. Stays of iron wire t ~ 
uiuoh cbea{)or than stmts ; but the latter are s 
aiid more durable. At points of great strain it is n 
unfroquent to see two poles trussed together like a 
girder, in soch a way that ooe forms a strut to t 
other. 

Earth wires are nsod with doabtful advantage 
(lunniiet tliti iron brackets of insulatora to earth. They 
unnsiNt of lengths of iron wire twisted or screwed under 
tho bnwkut, stapled down the post and buried in the 
<w(li. Tlio object in view is to carry off any leakage 
through n fiiiilty insulator and prevent it getting into 
and didturbing the other line wires. As a rule, these 
oartli wiitis mako a very bad earth connection, and 
umy iiorvo to increase the danger which they are 
>Wl)(nod til provent. It is better to dispense with 
llitun altogolhor. 

/)i«hiWHiN(>tf» in Overhead Wires. — Earth currents a 
I todmwd by the passage of charged done 
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cauBe freqaent diaturbanoes in the working of overhead 
wires, ami discharges of lightning not unfrequently 
injnie and evea destroy the instruments. It would 
appear, &oia the behaviour of telegraph cables, that 
there exist also currents of electricity in the earth itself. 
The curronts induced or produced by these are called 
"earth currents." They occiir most frequently during 
the aurora borealis, and in wires lying south-east and 
north-west. The hour of the day appears to aflect the 
direction and strength of those earth currents. These 
currents, which are probably always paasing to a 
greater or less extent, are not always sufKciently strong 
to causo inconvenience or even to be observed. At 
their man mum they have a tension of vmder 100 
Danioll's elements. 

The actioa of atmospheric electricity is found very 
troublesome in working telegraph lines. When a 
charged cdoud passes over a wire, it induces in it an 
increasing opposite charge, which is released when the 
cloud passes of^ and flows as a current through the 
instruments at the stations. If, however, instead of 
the cloud passing off, it should meet another oloud and 
a flash of lightning take place between them, the 
cloud becoming suddenly neutralized the charge in 
the line wire is set free, and posses as suddenly and 
with a more or less damaging efiect through the in- 
strmnents at the station. 

Actual lightning stroke is seldom met with, as the 
insulators carry it off. But such instances ore on 
record. In order to avoid danger to apparatus from 
the discharge of atmospheric electricLtj, a.^-§Bffli.tai& 
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oaIle<t lightning guards are employed, and dm 
xtonuR, as a rule, instnunents are either t 
(luited or removed. 

Liijhlning Guards. — A very exoellent form is that 1| 
vrbicb two flat surfaoee are kept near together : o 
connootioQ with tbo line, and ono in conuocldon v 
earth. The distanco between the plates i 
that any elootricity from the atmoephere reaching t 
line will spring over to the earth plate rather t 
traverse the coils of tbe apparatufl, and go that way 1« 
earth. Those platea are sometiineB ribbed in opposite 
directiona, so as to make tbeir opposite faces equivalent 
to a great number of points. When this is the case, 
this form of lightning guard loses a chief virtue, 
wbicU is that of acting as an induction snrface which 
may change the tension of the electricity as it paasee, 
and render it comparatively harmless. 

An inferior form of discharger is made, by opposii 
plates fumished with a great many pin points, si 
facilitate the electrical discharge. In this form, t 
pins are sometimes fused together by the action of ti 
discharge. 

Probably the best form is that mode by a oombia 
tion of the two systems. 

Another method consists in twisting two ^ 
insulated with silk round each other, one conasct 
the line and the other the earth to the apparatus. 
discharge fuses the wires together. 

y. A. Varley's lightning discharger is the cheapc 
and perhaps as efficient as any. A metallic tube, in o 
neotion with earth, contains a powder of i 
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coudnctiiig, while a screv point from eacli line is placed 
in close proximity with a screw point from earth. When 
the powder is rammod in simply, it has a very great 
Tesistance for ordinary currents, so mnch so as to prevent 
any loss of current over the points being obserrable. 
Bnt this powder poBsesses the peculiar property, that 
as soon afi a discharge of high tension electricity passes 
through it, a bridge of particles is formed between the 
screw points, which is highly condncting and e£fectnally 
ahort-circiiits the apparatus. When the storm is over, 
this conducting bridge may be broken, and the guard 
restored to its usual condition, by simply tapping it 
with the finger. 

Earopean Tdegrapha. — The extent of the system of 
lines belonging to the principal European governments 
1 1872, as follows : 





MUo^ofWi.. 


M.l^orLlr,.. 


treat Britain 


99,918 


23,878 


nnoe 


79,690 


29,181 




68,858 


34.914 




60,816 


17,661 


«ly 


41,543 


18,087 


Datna 


31,510 


11,995 


ongoc; 


26,331 


7,781 


Hun 


16.572 


7,287 




13,875 


4,256 


weden 


11,196 


4,»71 


Blgaun 


10,917 


2,853 


mtzcrland 


7.S37 


3,429 


olland 


a, 992 


2,U39 


orway 


6,274 


4,012 


tenmark 


3,966 


1,629 


tortQKul 


3,550 


1.929 


rortembing 


3,000 


1,37B 


1 _l 
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We may see &om this that, iodepeadentl; of railway 
saA priyate lines, the government systems of Korope 
comprise 500,000 miles of telegraph irire. The 
greatest length of wire is possessed by the English 
Post Of&ce, which is equal to all the lines in Germany 
and Aostria together. Next to Great Britain, France 
hiB made the greatest progress ; then Bossia. J 

Pbivati Wibbs. ■ 

In the year 1870, the Universal Private Telegrapt 
Co., which had been formed for letting out on hire 
lines of telegraphs and inetrumeiitB to private firms 
and others, was bought np by the Post Office. The 
Company possesaod at the time nearly 4000 miles of 
wire and 2000 instiumenta. Since that date, the Post 
OfGce has carried on the business with striking Huccees 
and with very little opposition, notwithstanding that 
this branch of the telegraph basinese is perfectly open 
to competition. The extension of the private lines by 
the Post OfSce since 187D is tabulated below : the data. J 
being extracted from the Postmaster General's Kept 
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775 


3,971 5-12 


1.901 


2-45 


2G,426 
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821 




2,026 




28,032 
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2,19 




31,e08 










2,717 


2-49 


33,430 




1874 


1,339 


5,928 4-43 


3.303 


2-47 


47,007 


3.T 


1875 


1,493 


5.487 3-69 


3,785 


2' 54 


52.708 


aft; 
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The average length of private wires is probably 
under 3 miles, but the above table shows the average 
length of wire per contract at a higher figure ; thoa 
is due chiefly to the fact that between 1870 and 1874, 
over 1000 miles of wire and over 100 instruments 
which had been maintained by certain companieB ceased 
to be classed as private wires of the Post Offico system. 
A good deal of privats wire also must be in disuse, 
which to a great extent is duo to the faulty annditioa 
of the auspendod cobles, which were put np some years 
ago. The average number of instruments per contract 
shows that the Post Office poBsesseB a reserve of about 
27 per cent, for exchanges dui-ing repairs; but this 
includes also old sets acquired from the companies. 

The price charged by the Post Office for the rental of 
private wires is 81, per statute mile, and for the instru- 
ments 6Z. per station per annum, including mainte- 
nance. In some instances, private wires are the pro- 
perty of the firms using them ; in others they are let 
ont at a rental by contractors. Sometimes the wires 
are the property of private firms, and the instrnmeuts 
hired &om contractors. Of all kinds, including the 
lines let out by the Post Office and by firms or tele- 
graph contractors, and the linos owned privately, the 
total length of suspended wire iu the United Kingdom 
employed for purposes of private telegrams alone is 
scarcely under 10,000 miles. 

Overhoitge wires are for the moat part attached to 
chimney Btaoks or the corners of buildings, roofs, 
church steeples, or whatever offers a convoniont support 
and for the use of which permissioii caji ba ciVi\iu>&s&. 
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from the ten&iit or proprietor, on reBson&ble terms. 
The terms demanded by ownerB of roofa, &c, for 
tliiB accommoclBtioii tire very vuious ; very few are 
found to be exorbitant, the majority demimdiiig only 
K nominal rental, and an undertaking tbat the lino 
aball be removed on a short notice and all damages re- 
paired. The importance and great convemence of 
telegrajihe is becoming bo generally recognized that 
comparatively few instances of nnintetligent greediiiBBS 
or obstructivenCBs are met with. 

The wire moet commonly employed is a light ettfind 
of three No. 18. B.W.G. galvanized iron wire of 
thoroughly good quality. Stranded wire is not 
liable as a solid wire to be set in noisy vibration 
the wind. 

The supports which are found most convenient are' 
the double or single shackle insslators. The way 
in which tboy are affixed to chimney stacks, &c., 
is various, being sometimes held by a bolt, sometimes 
by a length of wire tied round the chimney i 
In passing over streets un endeavour ie mode to 
at right angles, if the requisite permiasions can 
obtained. The cost prii^e of erecting overhouse 
without polos may be roughly estimated at Id. 
yard for materials, and Id. per yard for labonr. 

Posf* when used are generally of iron planted in a 
cast-iron saddle or foot on the ridge of the roof and 
stayed with three or four good wire stays to the parapet 
walls, the sides of the house, or the feet of chimney staci 

Formerly several insulated wires were made up int 
R cable, and suspended by hooks &om a pair of wii 
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atistchod side by side. These cables wore required 
to be very light, and hence the difficulty of ensuring a 
Boffioient degree of ineulation to enable the circuits 
be worked without interfering with each other. 

InaltttTBIENTS. 

Tkommn'i Mirror Instrument.— The most delicate 
and perhaps the most valuable of all telegraphic in- 
struments is the very simple and beautiful mirror 
galvanometer of Professor W. Thomson, of Glasgow. 
It conaiats of a galvanometer, having a magnet needle 
soBpended by a silk fibre, and attaohed to the needle a 
email mirror which reflects a beam of light from a 
lamp, on to a paper scale. It is obvious that the beam 
weighs nothing, and therefore that the slightest move- 
ment of the magnet may bo multiplied immensely 
without costing any force to effect the multiplication. 
In this way and with this instrument the Atlantic 
cables were rendered commercially available, which 
would, with other instruments, have worked much too 
dowly to be profitable. 

The Moree syalem is tlio most generally in use, 
being employed on all the ordinary lines of traffic in 
the kingdom and on the Continent. Of these instru- 
ments the Post Office has in work about 1800, the 
total number in uae on European government lines 
being over 20,000. 

This InBtrument consists of an electty>-magnet, the 
itnre of which is carried by a levor, which carries 
a pen or pencil for scoring lines on a strip of 
drawn over it regularly by clockwork, aoGordJA.^ 
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to tbft iMfltk <i tne ima^ wUeli I 

attncbd. 7^ Mgaak an tnoanttted by tbe operator 

whida bo iiiadtti at pnper intemls a g>ln 
in tboei 

The fonn of Moan reodrer moet c 
ploTed on tba Fmiefa linea of telegraph, is e 
Fig. 1. The [Art ael in modem bj the clockwork ii 




the rollor (N), by which tho paper strip is drawn from 
a rool (0) placed above tho instrnmout through the 
alit (g) under the ^uide-pullej (b) aud in front of the 
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BOoring pen (i). A jockey roller, turning looeely on 
its axis, is pressed down ou the paper hy the force of 
H spring (m), and thus keeps the paper £rmly pressed 
apon the roller (N), which draws it forwards. 

The part set in motion by the electric current is 
the armature (A), held on the end of a beam, turning 
on the axle (w «'). The armature is attracted to the 
poles of the electro-magnet (E), when a current of 
sufficient strength is sent through the wire coil. On 
being thus deflected, the lever caueea the scoring point 
to be forced against the paper strip, and held against 
it as long as the current Jasts. An inetantaneons or 
very short current gives a dot only, a current of longer 
duration gives a dash. In other forms of this appa- 
ratus, instead of the scoring point shown in the figure, 
an inking disc is employed, the signals being then 
recorded in ink. Of comhinationa of those dots and 
dashes the so-called Morse alphabet is composed. It 
is as follows : 

I K T — 

!- N W 
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The Sorte Rohy. — When long distances have to be 
worked through, it ia common to employ & relay and 
local battery. The relays are of two kind^, viz. simple 
eleotro'magnetia and polarized. The simple relay 
consists of an eluctro-magnet, the coils of which are in 
the line circiut, and of its armature, held upon a short 
lever, which when deflected comos into contact with a 
suitable stud or anvil, and thus closes the local circuit 
which contains a battery and the coils of the Morse 
apparatus. When no current passes, the lever is drawn 
back by a spiral spring. 

The polarized relay is more complicated, the arma- 
ture being polarized or magnetized by the proximity o! 
a permajient steel magnet. In the form commonly used 
in the Post Office, the relay armature or tongue ia sus- 
pended between the two poles of the eleetro-magnet, 
both of which are eimilarly magnetized and oppoaite in 
polarity to the tongue, which will therefore remain at 
rest against oitlier aide towards which it may be de- 
flected. When a current ia sent through the coils it 
weakens the magnetism of one pole and etrengthena 
that of the other, so that Mie armature is either moved 
to the oppoaite side or remains steady in its place. 
When 0, line is worked with alternately positive and 
negative currents, the relay ia adjuated bo that the efieet 
of each pole is eijual ; but when worked with a single 
current, one pole is approached nearer to the armature, 
ao ae to bring it back by its magnetism immediately 
after the cessation of the current, 

Faat Speed, or AuUtmalio System. — The first i 
inoe in regard of speed, and thereibre in i 
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amgimt of work which it gets throngh in a given 
time, is the fast speed or automatic system of Sir 
Charles Wheatstone. The Post Office emploja it upon 
all the most important trunk lines in the United 
Kingdom. With these antomatic inBtrnments a Bpeed 
of one hundred and twenty words a minute is easily 
kept up ; and during a einglo night, when important 
ministerial statements are made in Parliament, up- 
wards of two hundred thonsond words, or matter 
which is equivalent to one hnndrod columns of the 
'Times' newspaper, are frequently transmitted from 
the central station in London by the aid of these 
iptruments, for publication in proTincial newspapers. 




c 



In the automatic system, the transmission of the 
rnals IB not done by the hand of the operotor, but by 
perforated ribbon of paper whicb. i 
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beforehonil, and cffocts through Boitable mechanism 
the required contacte. The perforations arc mode by 
an inetruuent called the puncher (see Fig. 2), which 
ia provided with three finger keys ; one punches tbe 
boles reqnircd to send a dot, another those fur a dash, 
whilst tbo third punches the spaces. 

The TraniimitteT is shown in Fig. 3. In the front 




of tbe instrument is an ebonite rocldag beam mtrt 
by clockwork. The beam cai-ries three arms o 
The left-hand arm is connected to line, the I 
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to the extreme rigkt to earth, while the centre one is 
insulated. This insulated arm makes contact with one 
of the battery poles, according to tho position of 
the rocker. Beneath the rocker are two lovers con- 
nected electrically together by means of springs, 
and carrying each a vertical needle. Theso needles, 
which determine the nature of the current Bent to lino, 
are directed by means of tho perforated paper ribbon, 
through which, if there should be a hole, one of them 
passes, and the armK on the rocker making contact 
with one or other of the levers, a current is sent to 
line ; hut should the surface of the paper be entire, 
the needle cannot rise, its lever is kept deprossedj the 
contact is broken with the line-pin on the rocker, and 
uo current passes to line. By this system of contacts 
a far safer transmission can bo attained than would 
he possible were the paper passed between two metallic 
surfaces simply making contact between themselves, 
as was done in the original Bain system ; and there is 
the further advantage that all contact-points ore under 
glass, protected from dust and oxidation. 

The Recorder, or Printer, is shown in Fig. 4. It 
consists of a clockwork and electro-magnetic arrange- 
ment siniilar in principle to that of the "Morse," 
shown in Fig. 1, only more delicate and quicker in its 
action. Tho paper ribbou is carried on a reel in a 
horizontal drawer in the base of the iuatrument, and 
ia drawn by the clockwork over suitable gnide-rollers 
close to a small rotating disc which is carried on the 
end of an arm attached to tho tongue of an electro- 

Cet. This diao is fed with ink Ccoui o. tt^^iuvt, 
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Bnd as it follows the motions of tlie tongne of the 
electro-magnet, it traces npon the paper marks which 
ootreBpond in order and enccessiou with the Bignalling 
cnrroDls sent into the line by the transmitter at the 
other end. 

A lever moving over a graduated arc at the back a{.^ 
the instrnmeiit enables the operator to adjust 1 
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speed with which the paper is drawn through so as 
suit the rate of tranemisBion. 

These instruments are generally nrranged bo as 

work either in single circuit or " duplex." By duplex 

working Js meant that two mesBages are sent at the 

same time on the same line wire in opposite directioill. 

^/e Sounder is an Americaa imenJAon., -sftoda 
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first Buggeeted by the clerka reading the Morse by 
sound, and disregarding tbe paper strip. 

The speed with which messages can be read hy seiiiid 
is greater than by sight, and is iess fatiguing to the 
operators. Beyond tliia it is asserted that, although 
the sounder is ft system which leaves no record for the 
justification of the department and of the operatortt, 
tewer mistakes arise than with the Morse system. 
Economy of personal fatigue is a subject upon which 
Government officials have always had the reputation 
of being infallible authorities; but in work of so 
particular a nature as the transmission and reception 
of telegrams it becomes a subject well worthy of 
serious considoration as atfecting correctness, and 
therefore of tho value of the telegraph as an insti- 
tatiou. Of these sounders the Post O&ee has at 
work a great many, and the number is continually 
increasing. 

The sounder is constructed in various forms ; but it 
consists essentially of an electro-magnet, through the 
coils of which the line current passes, and over the 
poles of which is hold a soft iron armature. As the 
poles become magnetic, tho armature is attracted, and 
in approaching the poles is stopped by a suitably 
arranged anvil, upon which it strikes with a sharp 
aoise. On tho cessation of tho curi'cnt, a reactiag 
spring draws back the armature, which strikes on a 
second anvil with a less sharp noise. The difference 
between the two sounds and the duration of time 
which elapses between them enables the operator to 
recognize the signals. 

^mgle-needh inUrumenis are ubbA to wvoie ttiiAaA- 



HUi 




I 



113 fsrrisB masufactuxiso aoosTBirs. 

Ifcav ImcB Thidi are vorled at the 
n« ^aaSia Bystcm vas the fint 
IB Rrg*— J. and it still aBserts ite 
: kA nuuiipulatioii. 
TIm angk aaedle i mhuia ui i t is shown in Fig. 
It lOMJiiin of a vevtii*! gahaooscope, the needle 
wfaicfa is limiled in ite n 
tion between fixed slope, 
will of a sending handle 
or key, by which the cur- 
rent may either be cut 
off or rerersed. When the 
handle is at rest — that is, 
upright — the battery dr- 
cait is interrupted; when 
tnmed to the right the 
positive, and when to the 
left the negative cnrrent is 
eent. Thua the needle of 
the golTauoscope can aGGmne either one of these posi- 
tions at the will of the sender, viz. upright, deflected to 
ri^t, or deflected tii left. The inBtrmnent is UBnally 
arranged in a compact case, with a desk in front fbi 
holding the message form. 

The doflectiona are interpreted in the same way h 
the alphabet, a right-hand deflection representii^ % 
dot, a left-hand deflection a dash, and the central posi- 
tion a space. 

WkeaUtffne't ABC InttrwmcnU. — The instrimieDtB 
used on nearly all, if not all, privute lines, are those 
oonstruct«d by Sir 0. Wheatstone, The inBtrmnents 
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at each station usually consist of a conuaiuiicator and 
an indicator, the most recent and compact form of 
which is shown in Fig. 6. 

The communicator consiata of a permanent steel 
magnet, before the poles of which a soft iron armatnre 




is rotated by coDtinuously turning the email himdle in 
front of the instrument. On the top is a dial-card, 
with alphabet, (Sic., opposite to each letter of which is 
a email finger-key. When a letter ia to be teleg».\ibesk. 
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its coiTQspondiiig finger-koy is dopressed, and the 
index or pointer which mores over the dial-curd allowed 
to rotate mitil it Btops at the letter in qnestioo, which 
cansee a certain nnmber of currents tu be sect into the 
line, and which propel the pointer of the receiving 
inatmnient corrospondingly. When another letter is 
to be Gout, its button is depressed in the same wa;, the 
handle in the iront being etill rotated. The receiver 
of this inBtrumeut has two eleotro-magneta, between 
which a polarized armature oscillates, and mores a 
small ratchet-wheel or propelment between two fixed 
springs, by which the wheel acquires a rotary motion. 
A pointer in the axis of the wheel indicates on a dial- 
card placed at an angle at the back of the com* 
monicator. 

The boU is maintained by clockwork, released I 
the action of an electro-magnet. 

Any person who is able to read, is able, 
immediately, to manipulate this iBBtrument. The 
operator has merely to touch, in succession, with the 
fingers of one hand, the keys corresponding with the 
letters forming the message which he wishes to transmit, 
whilst be turns the handle with the other Land. In 
order to receive a message, the operator has only to 
watch the letters pointed to by the hand of 1 
indicator. The correspondence can be carried 
about twenty words per miuute. 

The electric currents which actuate this instrumenP 
being produced by the employment of a permanent 
magnet, instead of a voltaic battery, chemical prepara- 
iioBB are not required, and the instrument is thorefon 
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ready to be put is action at any moment, nt whatever 
distant place it may be removed to, and LoweTer long 
it may have been iu disuse. 

The coils of copper wire in the interior of tho 
instrument, the line wire, and the coils of the indicator 
at the distant station, form an uninterrupted metallic 
circuit, so that no worlting contacts whatever occur, as 
is the case in other step by step instrmnents. 

In addition to the instruments which I have enu- 
merated as being those most commonly in use, there 
are many very beautiful inventions which have also 
been used and done valuable service ; amongst these 
is the printing telegraph of Mr. D. Hughes, which 
is still employed on tho lines between France and 
England, but not now by the Post Office. 

"When we reflect on the state of telegraphy forty 
years ago, on the rapidity with which it has attained 
its present gigantic development, and on the active 
and intelligent minds which are still busily at work in 
its service, we may conclude that we are still far from 
seeing all tho wonders it is destined to effect. 



AGRICULTURAL MACHDOIET. 

By Tbof. WniuHTSON (The AgrK'iiltuml Collegt, CiriJBcester)iJ 

Is BO short a space us ie here allowed me, to g 
general and, at the same time, graphic idea of agi 
ctUtoral tnachinery ib a eomon-bat difficult task. 
Wolverhampton Implemont Catalogue of the B 
Agricultural Society's eliow (1871) contained ' 
entries, dietributod through 3€3 etande, and these n 
tifarioOB exhibits entailed miles of shedding. 

The oxtonsiTO works of the Messrs. Howard, ( 
Bedford; Ransome, Sims, and Head, of Ipswich; 
Clayton and Shuttloworth, of Lincoln; Fowler and Co., 
of Leeds ; Crosskill, of Beverley ; Barfurd and PerkinB, 
of Peterborough, and a Lost of others, employ their 
tens of thousands of skilled mechanics. Steam plough- 
ing, steam threshing, reaping by machinery, drilling 
by machinery, and the numeroua less complicated, but 
confitantly recurring agricultural operations, need only 
to be mentioned to give some idea of the importance of 
OUT subject. 

The development of this branch of mechanical i 
dustry has been characterized by great rapidity. £a| 
1731, Jethro TuU first drew attention, in his ' Hors 
hoeing Husbandry,' to the importance of drilling roo 
and com crops. Many persona are living, who a 
bom before Andrew Meiilo had constructed the fi 
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threabing machine, and it was only in the year 1851 
that the reaping machiae appeared as a novelty at the 
International Exhibition. Twenty years ago steam 
cultivation waa a mere experiment, and traction engines 
were nnknown except upon some highly favoured ocea- 
patioDS. Talcing the annals of the Eoyal Agricultural 
Society as a safe guide in tracing the development of 
this branch of engineering, we find that at the firat 
Exhibition of the Society at Oxford, in 1830, there were 

[ty-three exhibitors of implements : 
■ 



In 1S40, at Cnmbridgo, thoro were 36 exbibtfoTs. 
„ 1S48 „ York „ 146 „ 

„ 1869 „ Manchester „ 366 „ 

„ 1871 „ Wolverhampton,, 332 „ 

, 1873 „ Hull „ 298 „ 

„ 1874 „ Bedford „ 346 „ 



k) great has been the number of applicants for places 
k these shows, that the Society has lately been obliged 
to issue restrictive orders to cheek the growing dis- 
position to exhibit articles whose connection with agri- 
culture appeared somewhat remote, and this difficulty 
accounts for the slight falling off after Manchester. 

English manufacturers not only supply the markets 
of Europe with agricnitural machinery, but their im- 
plements are the models from which foreign engineers 
work. Every French, Giormau, or Italian treatise on 
agriculture uboimds in drawings of English ploughs, 
harrows, Ac, and the names of our best makers are as 
familiar in those countries as tliey are in England. 
Kachines have also been adapted for the requirements 
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of growers of cotton, sngur, oil, «iid other prodncts, 
the caltiTmtion and preparation of which cannot be 
inclnded in my programme. I must confine myself to 
the implements nsed in British fiEkrming, and in treating 
of them, want of space forbids any attempt to describe 
their construction. Descriptions indeed are unintel- 
ligible without drawings, and would be omitted alike 
by the professional and non-professional reader. The 
student who wishes to wade through detailed descrip- 
tion must seek consolation in Scott Bum and Ste- 
phens' ' Book of Farm Implements,' * and in the pains- 
taking reports which have appeared year by year in 
the Journal of the Eoyal Agricultural Society. 

It will be well to bear in mind that agricultural 
machinery can never increase and cheapen the produce 
of the earth, in the same manner as manufacturing 
machinery has increased and cheapened the products 
of human skill. No machinery can multiply the 
earth's powers of production, still less can it increase 
the number of our harvests. No cultivation will be 
followed with greater success, measured by gross return, 
than that effected by the spade, and for this reason, we 
cannot expect a large increase of productive power per 
acre from the application of steam to agriculture. Here, 
then we have a fundamental difference between the 
function of agricultural and manufacturing machinery, 
for the latter may be employed so as to multiply pro- 
duction until prices sink to a minimum (as for instance 

♦ * The Book of Farm Implements,' by R. Scott Bum and 
Henry Stephens, published by Wm. Blackwood and Sons, 
London and Edinburgh. 
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onr pouny papeTs), whilo the profits of capitaliite and 
the wages of labourers are fully kept up or increased. 
In agriculture a different law obtains, for here, after a 
certain and not very advanced stage, increasing the 
labour does not proportionally increase the produce ; 
" doubling the labour does not double the produce ; or 
to express the same thing in other words, every increase 
of produce is obtained by a more than proportional 
increase in the application of labour to the land 
(J. 8. Mill)." This, " the most important proposition 
in political economy," must not be lost sight of. It 
helps us to arrive at a sound conclusion as to the func- 
tions of machinery in agriculture, and to show ub how 
far this may be looked to aB a meana of assisting the 
cultivator of the soil. What then ore the advantages 
which agricDltUTC derives from the introduction of 
improved machinery? I propose to answer this im- 
portant question at length, before passing on to the 
consideration of implements and their various effects 
npou agricultural industry. 

Ist. Improved machinery enables the cultivator to 
take fall advantage of propitious seaaons. Everyone 
practically acquainted with agriculture knows how 
much the success of all operations depends npon their 
being well timed, and this is alike true of the cultiva- 
tion of the land, the management of growing orops, 
harvest operations, and the preparation and marketing 
of crops. 

2nd. Improved machinery gives the fanner power to 
cultivate the soil deeply, to break it up more effectively 
than oonld have been done by horses. Thl& \ia& Wso. 
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proved over and over again upon clay lan^ wh 
throngh this means both a larger area et com has b 

Q, and & larger yield per acre obtained. 
rd. A greater precision has been thrown into fl 
and bam work, and all operations are more perfea 
{>erformed than formerly. 

4th. The coet of some operations has been dindnisha 
Mpocially in the harvest field and bam, although i 
many caBoe tho advantage has been seen mora i 
increoBed efficiency than in diminished cost. 

5th. The teachings of seieaco have been render^ 
practicable by machinery, which enables the farmeF 1 
follow them in the cultivation and manuring of tH 
land, and the feeding of stock. 

These advantages have been accompanied by ■ 
increased intelligence on tho part of both farmers si 
labourers, and the investment of a. larger amount Ij 
capital in tho cultivation of the land. 

Some of tho innovations introduced by improve 
machinery, euch as that of drilling com, owe thai 
position to causes which must appear puzzling to an 
OTtteider. Drilling for instance is slower, more expen- 
sive, and in many cases not more effective than the old 
broadcast method of distributing seed ; and yet it has 
almost completely superseded tho older plan, for 
reasons presently to be considered. Steam cultivatiraiiH 
again is often more expensive, but at the same time idH 
more effective, than horse tillage. Heaping com, c^H 
the other hand, is both quicker and cheaper, bntleajfl 
perfect in its work than the old sickle. Hence a cl mi W 
difference is observable ^Kitw^iii *^ii ^'aKii^dooa ^^1 
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mBchiseiy when applied to agrieultnre, and when 
applied to other arts. In agricultnre it, in a word, 
may ho said to render the operations to which it is 
applied more effective, without quickening them or 
mnltiplying their results. In other arta machinery 
not only renders operations formerly done by hand 
more effective, but multiplies results to an almoBt 
infinite extent, while from the very nature of agricul- 
ture sacb an effect is not to be looked for. 

Agricultural machines and implements are so mnlti- 
fariouB, that, to facilitate their consideration, we most 
adopt some system of classification, and that which 
suggests itself as most promising is also most natural. 
We have in the history of every crop a ready means of 
dividing most agricultural implements into definite 
sections. Ist. There are implements for preparing 
the ground for the reception of the seed, or implements 
of cultivation. 2iid. For depositing the seed, snoh as 
sowing machines. 3rd. For manuring and for tho 
after cultivation of the young plant, as manure dia- 
tribntors, and hoes of all sorts. 4th. For securing the 
crops, such as reaping and mowing machines, &c., to 
which may be added carts and waggons. 6th. For pre- 
paring the crops for market— bam implements. 6th. For 
preparing crops for home consumption by stock, such 
as mills, chaff catterg, and turnip cutters. 7th. Imple- 
ments employed in estate work rather than in ordinary 
farmi ng, such as for drainage, and dealing with wood 
and stone. 8th. Miscellaneous implements difficult to 
class with any of the preceding. 9th. All tools used 
IS hand implements. 



r 
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Imflxusnts or Coltitatioit, 
The plough, the tarrow, and the roller were until 

recently the three tnstrunientB nniTerBally emplojed in 
agriculture, the plough beisg undoubtedly the most 
ancient as it is the most important of this triad. "I 
have found," writes ProfeBBor EogerB, of Oiford, in hia 
■ History of Agriculture and PriccB in England' {1259- 
1400), "no trace of roller or of harrow with iron 
teeth." Both those implements are figured in Mark- 
ham's ' Complete HiiBbandman,' published in 1614. 
Profefisor Rogers also remarks that "the oTdinary 
moanH by which our forefathers covered their seed waa 
by bush harrowing ; and nothing is more common in 
the accounts which have come nnder my notice than 
the purchase of thorns, black find white, for the express 
purpose of harrowing newly-sown tilth." In 1717, 
Edward Lisle published his work ' Ohaervations in 
Husbnndry,' hut no other cultivating implements than 
the three already mentioned nre described. These have 
all maintained their gronnd, and even yet are the only 
three cultifating implements used upon many farms. 
The most succoBsful systeme of steam cultivation have 
alao adopted them, with such modifications as were 
neoesBBry for the altered character of the power. We 
have then ploMghs, harrows, and rollers adapted both to 
horse and steam power, to which we must add grubbers 
or cidtivators, a class of implements of recent intro- 
duction, but which, when combined with steam power, 
threaten to Bonously intrench upon the work which 
up to this time has been performed by the plough. 
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E^hughi and Cultivatora. — A plough is an implement 
ch inTerta the boU, The share ftcd cutter cat the 
■ow, the first horizontally, detaching it t'rem the 
subsoil, the second vertically, while the mould hoard 
gradually tums over the furrow, leaving the nnder side 
at the surface and bringing the former surface beneath. 
The plough sole at the same time slides on the bottom 
of the furrow, and when the operation of ploughing has 
been repeated some hundreds of times at about the some 
depth, a " pan," orindarotodcrastofetirth, is the result. 
This brief description of the essential work of ploughing 
shows at once the merits and the failings of the plough. 
No other horKe-drawn implement more thoroughly 
aerates and pulverizes the soil ; so completely cats 
deep tap-Tooted weeds, such as docks, thistles, and 
coltsfoot ; gives such a deep and thorough movement 
to the soil, or so completely uproots the larvie or pujite 
of destructive inaeets. 

The plough also is the implement for covering or 
ploughing in formyard dung, for following after tho 
sheepfolcl on arable land, and for breaking up grass or 
lea Issd for wheat. It would bo impossible to culti- 
vate faUowa on clay lands, or to break up stubbles, in 
antnnm without it, and we should have no diiBculty in 
pointing out other good offices in which the plough is 
indispensable. Still, it has failings, and these short- 
comings have called forth the considerable closs of 
grabbers afterwards to be passed in review. Tho first 
objection has already been touched upon. Bepeated 
nlonghings at one depth indurate the soil, so that it 

Kmea dilBcult either for water or Uie fiaa xwtai ^iS 
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pUnta to penetrate it. The plough "ekde " or " aole " 
ia to blamo for this, and accoriUngly ploughwrights 
have given mncfa attentioD towartlB altering the etrnc- 
ture, so as to diepcnse with the necessity of the sole. 
The plongb of course must rest its weight on the 
earth over which it ie drawn— hence the difficulty of 
doing away with a solo of some sort. The problem 
has however been solved by Mr. Pirie, who abont sis 
years ago brought out, in conjunction with Messrs. J. 
Fowler and Co., of Leeds, the Pirie plough. This is a 
double plough, or plough able to turn over two 
distinct furrows at once. Both ploughs ore supported 
on a framework of iron, travelling on the wheels 
which take the weight of the iniplemeut. Two of 
these wheels run upon the unplonghed land, while one 
runs in the furrow behind the ploughs, and by this 
arrangement mucb of the damage attributable to the 
plough sole has been avoided. The second objection 
to the plough is, that while inversion of the soil is 
desirable before winter, it is not so requisite, nay, is 
often positively injurious in spring. On light lands, 
spring ploughing dries them to such an extent, that 
" roots " do not subsequently thrive upon them. On 
stiff lands the effect of spring ploughing (following an 
autumn ploughing) is to bury all the fine soil, the 
roault of tho winter's frost and change of temperature, 
and to covor tho surface with hard, unmitigated, un- 
promising olods. Tlio third objection applies to tl 
aroh-enoiny, oiiucii. The plough unquestionably o 
the couch, and m couch, like many other nosl 
y>7«Jlte, euSen ""'v " (fnii>i>TOry iucouTenience i 
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the operfttion — each joint epreading and growing with 
renewed energy — the plough has been accused of dis- 
seminatiDg conch. 

Theso impeifectiona and faults have been well met 
by the largo claaa of gnihbera or cultivators already 
mentioned. The grubber is intermediate in its oction 
between the plough and the harrow. Like the former, 
it moves the soil to a considerable depth and is fur- 
nished with points or shares. It has, however, no 
mould board or tum-furrow, and consequently, while it 
moves, it does not invert tho soil. Any harrow in 
which the teeth are long and curved forward becomes 
a sort of cidtivator, and indeed rinlayson'fl harrow, one 
of the first cultivators ever made, may for several 
purposes bo so described. The modern cultivator, as 
represented by Coleman's, Clay's, Tenant's, or Biddell's 
implements, consists of a &amework mounted on 
wheels, from which cnrvod teeth or tines descend into 
tho ground. These tines are usually armod with feet 
or shoroB, removable and eschangeablo, which assist in 
the thorough movomout of the soil. Tho teeth should 
have a good rako forward, to clear themselves easily of 
couch and clods ; they should not be too close together 
for a similar reason ; they should be so arranged on the 
fratoe, one behind or in front of another, that as the 
implement moves forward all tho land may be moved, 
and they should be mounted on wheels sufGciently high 
to prevent clogging from tho accumulation of weeds 
and earth. These implemeuta aro useful at two periods 
of tho year ; first after harvest, upon foul or weed^ 
Btabhle, BB a means of paring ttio K*irf.B.tc, i«A "fiEsa. 
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eSbcting a Bepat&tion between the coiidif npper i 
wul the GompartttiTely or perfectly clean under a 
This is well performed by Coleman's cultivator ) 
Beiit«U's broad share, or even by n broad 
ftttached to a common plough, and is infinitely prefea 
able to at once ploogliing the etabble and burying i 
weede — which only succeeds for a time. The sccos 
seasou when these implements become useful is tl 
epring, in the preparation of land for roots. F 
reasons already given, the plough is not desirafa 
at that time, and the cultivator effects all reqnisi 
pulverization without either wasting moisture o 
ing the fine snrfoce, the result of the winter's frost 
do not wish to lay down a " bard and fast Hue " il 
speaking of the relative use of ploughs and cultivatcH 
still lees do 1 wish to find myself writing in direi 
opposition to the practice of practical and mo 
making farmers. Some land may bo advantageo 
ploughed in spring, especially land of intermedial 
character, neither very light nor yet very stiff. 
land will plough up Mable and mouldy, etill reti 
Euffioiont moisture, and consequently may be ploughed 
without danger. As a general principle, however, and 
especially in lato spring work, 1 prefer the cultivator- 
It is only fair to niGution the objections used against 
horse cultivators by good faiTuers, namely, that they 
loBa depth of tilth by an insuJHcient and incomplete 
movement of the soil, and secondly, that they en- 
ooiirage the growth of thistles aad other tap-rooted 
With regard to tho first objection, it is not 
^cb involves the pT\nci^\e, ^jm^. 'Oae. ^-sei tS. 'Qo^^ 



^B AGBTCULTUBAL 3IACI1INEBY. 133 

cultivator. It applies to Lorse cultivators, but not to 
similar implements drawn by steam power. The last 
is, I venture to think, a little fanciful, and also applies 
only to cultivators of had construction. It is however 
certain that where couoh is prevalent, the cultivator 
answers much hotter than the plough, for ite teeth 
draw out tlio couch in long unbroken threads, while 
the plough minces them np into fragments, each of 
which is capable of propagation. 

Harrows. — This class of implements need not detain 
us long. Harrows are useful for many purposes, and 
are manufaetured of various sizes, weights, and 
strengths. The heavy drag harrow, for turning over 
clods under a July sun, is the heaviest variety ; next 
come the ordinary seed harrows, for covering over 
newly-Bown corn ; thirdly, grass seed harrows of still 
lighter construction, made to harrow in small clover 
and grass seeds upon young barley. There are also 
chain harrows, formed of series of links, first brought 
out by Cartwright, and which are useful for covering 
grass seeds, for brushing in farmyard manure upon 
grass land, and also for collecting couch together, nflier 
it has been brought to the surface, upon arable land. 
Harrows are the farmer's rakes, by which the surface 
is made fine and smooth, and the seed is covered. 

Rollerg. — Eollera have been much improved, since 
the time when the bole of a tree was extemporised 
into the required implement. Not only has the simple 
expedient been exchanged for a well-made iron cylinder, 
but other improvomonts have been effected in the 
■tractnie of these implements. Every farmer nowa- 
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days has Mb " ring-roller," either in the form of Bi 
Grosskill or a Cambridge roll, and the plain iroa> 
cylinder is now little need, except to Bmooth paBturea 
intendeil for mowing. 

The old wooden roll also still holds a place in th* 
modem farmery, for ench pnrposeB as flattening dow? 
tnrnips, ridges, or new-sown barley, in order tf 
diminish evaporation, which ia always most rapid frod 
a rough sorfaco. There are then four varieties of thi 
implomeut which claim attention, namely, CrossMll't 
clod crusher, Cambridge's roUer, tho plain iron roll, 
and a light wooden roll. The first was bronght oot^ 
as its name implies, to help the clay-land farmer. 
Every season, however, teaches ns that clods i 
scarcely well treated hj forcibly crushing then:^ 
Autumn cultivation and properly timed operatioi 
Kill best overcome the natural difBculdes which atteoQ 
the management of clay soils, but to attempt to grinf 
down a day by means of powerful rollers is a n 
Accordingly the Crosskill roller has not fonnd mntj 
favour at the bands of clay-Iand farmers, but 1 
obtained a firm footing upon the light lands of tht 
country, not as a clod crusher, but as a land press6 
and consolidator. The Cambridge roller baa a BimilB] 
task, and both are used to " firm " laud for wheat » 
newly-ploughed leas, and to press the ground ono9 
more around the roots of young wheat in the springB 
after the heavy action of the frost has loosened the 
soil and half thrown out the young plants. Theai 
implements difier from the common cylindrical roller; 
by being compoaed of a number (twenty-three in t 
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cue of tbe CnokOl) of nags rfnng nptn « ^iiidle. 
Li tlie CnMskill lOiDn, each nng cr wlied is Botdied or 

sainted, and eMJi notcb is prasnd with en«t «flbct 
eitber into tbo top of an oUniate clod or into the rans 
of irirewonns. The ring of t]|e Cunbridge nJkr is 
more like a dzcnkr knife, and cots its way through 
tbe dods, OT leaToe fine gn»Te-Iike markings where the 
gronnd is enfficiently pnlrerized. This pecoluuity 
rendera the Cambridge roller nsefnl in the sowing of 
clover and other emiLll seeds, for by first rolling barley 
land with this implement, & series of small giooTes is 
formed iato which the clover seeds fall, and the opera- 
tion of sowing is followed by the use of a bmsh harrow, 
which snf&cieutly bones them. I have no great faith 
in rollers as pulverizers, alihongh I valne them as land 
presscts. Often while they render the snrface fine, 
they consolidate the sabsoil, and shonld the land sub- 
sequently be ploughed, it will be foond to be hard and 
livery instead of friable. 

Tillage hy Steam. — ^I h^vo already mentioned that 
the plough, cnltivator, and harrow have been adopted 
by our leading promoters of steam cultivation. Botary 
diggers have been a favourite thome of writers, hut as 
yet the most saccessful effoits towards the employment 
of steam in agriculture have been properly spoken of 
as steam ploughing, steam cultivating, and eteam har- 
rowing. Again, these implements are in all the systems 
in general use drawn over the land by steel ropes, the 
engine standing on the headland. Mr. Howard attri- 
butes the small progress made by the Amorioans in 
steam cultivation to the attempt there so &equentlf 
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made of Bubstitating tho iron for the living horse, 
ourying the engine over the land with the cultival 
imploments foUowiag in the roar. 

MossrB. J, Fowler and Co., of Leeds, occupy a lead- 
ing poaitiou among the manofactarera of steam tillage 
implements. The newest and moat powerfal set of 
steam cultiviiting tackle (Pig. 1) requires two engines, 
one on each headland, each of which alternately draira 
the cultivating implement across the field. Each 
engine is provided with & winding or hauling drum, 
which in turn pulls the implement and pays out the 
slack rope. This system is both simple and effective. 



'IQ. I. — Fowler's Double-engini 



The implement is drawn with considerable velooity- 
often much faster than a man can walk — and the 
steam drag or harrow will pass over from fifty to sisty^ 
acres of land per day. Fowler's double-engine syst 
appeals to largo capitalists, but the some firm 
provides good angle-engine eats for the 
occupiers. The single-engine system (Fig, 2) requireB 
on engine on one headland and a sclf-moTing windlass 
on the other. The engine is provided with the patent 
Burton clip drum, capable of hauling the cultivating 
implement baekwarda and forwards between the engine 
and irindlaBS. Both engine and windlass travel along 
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fcbe two headlancls opposite each other. A third system 
is offered, ia which tho engine remains stationary, 
aud tho rope is arranged iu an irregular triangle or 
square, while the implement passes to and im between 
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t fixed anchors, rendered movable at pleasnre. 
This is tailed the " roundabout syfitem," because the 
rope is carried around anchors and encloses the space 
to be cultivated. The several systems thus slightly 
doBcribed will bo more easily understood by reference 
to the accompanying diagrams. 

Messrs. J. and T. Howard, of Bedford, supply dif- 
ferent sets, adapted for both large and small holdings, 
differing in many details from the last, but corre- 
sponding with them so far as the principle of hauling 
is concerned. Mr. Smith, of Woolston, adopts the 
"roundabout system" in arranging the rope, and ab- 
jutea the plough for the cultivator. He prefers smash- 
ing up tlio land to ploughing it, and his system is in 
high favour with the smaller holders of land. One 
of the main advant^es of the aa-called t<itmdB.bicro.t> 
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. FiQ. 3.— Showing general arrangement of Ronndabont kjstem. 
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Fig. 4, — Showing general arrangement of Roundabout system. 
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plan is that it enables the farmer to employ any ordi- 
oary traction engine for ploughing purpoBea, and thus 
reduces the amount of capital required in commencing 
steam cnltivation. 




Fie. 5, — Showing geneml 



The following particulara, taken from one of the 
Royal Agricnltural Society's Implement Gatalogoes, 
will giro the reader a good idea of what is included in 
a set of steam cultivating implements. Messrs. J. 
Fowler and Co.'a double engine, 20 horae-power set, 
consifitittg of a pair of 20 horse-powor Belf-moving 
engines with single cylinders, fitted with single 
winding drums, 800 yartfe of best steel wire rope, and 
working a thirteen-tiuod cultivator, costs 1975Z., and 
with six-furrow balance combined plough and digger 
in addition, 2070Z, 
■^Messrs. J. Fowler and Co.'a li \iowa-^o-«o\ W&, 
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condeting of n pair of 12 horee-power self-moTing 
engmea, Ac, as before, witii nine-tineil turning cnlti- 
vstor and fiTO-fiirrow balance ploagh, costs 1447(. 10*. 

The Messre. Fowler also enpply a aingla engine 
set, with soven-ttned balance cultiTator and foor-furrow 
plongh, and all ncccssaiy machinery, for 88'IL ; and 
an 8 horse-power eet for 758f. Also a, combination of 
moclmiery, iu which an ordinary agricultnral engine is 
employed, with detached windlass and ropes, on the 
roondaboiit systom, for 3751. 

Mr. William Smith's steam cultivating machine, 
made by HeBsrs. Barrows and Stewarts, conaiets of a 
stationary engine and detached windlass tackle. The 
set, involving a 12 horse-power engine with doable 
cylinders, a two-drum windlass, on four wheels, driven 
by a connecting shaft with universal joints, or by a 
rigger and bolt; st«el wire rope, snatch block, claw 
anchore, dead anchors, porter's tools, &c., with a five- 
tined Woolstan cultivator, fitted with turning bow, 
price 486(. ; or with a three-tinod cultivator, 500^. 

Mosers. J. and F. Howard, of the Britannia Worke, 
Bedford, entered at Wolvorhampton a pair of patent 
self-propelling engines, fitted with winding drums for 
working to and &o, or double-action implement. These 
engines were of novel construction, and were the first 
portable engines fitted with Messrs. Howard's patent 
safety boiler. The same firm set down a 12-horse 
double drum and anchor set, working on the " skew " 
plan, famished with 1600 yards of J-Inch wire i-ope, 
a five-tined reversible cultivator, and all necessary ad- 
juncts, for 660/. ; a lO-horse sot, prieo with five-tined 
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reversible cultivator, 5002. ; and a set to bo worked by 
aa ordinary agricultural engiiio, vitb ropee arranged 
on the roandabonit plan, for 250(. 

It may be doubted whether the employment of steam 
in the cultivation of the ground effects a direct saving 
to the farmer in the cost at which the operation is per- 
formed. Horse ploughing can be done on moderately 
light Boiie at 8s. per acre, and probably for as little 
or less by bullocks. In parts of Norfolk, Lin- 
colnshire, and ou the wolds of Yorkshire, a boy and 
two horses can plough their two acres per day; and 
Mr. Howard, of Bedford, recently told the Farmers' 
Club in London that the American fitrmor ospected 
even a lai^er amount per day from each team.* At Ss. 
per day for each horse, 2a. for the lad, and 1«. for the 
use of the plougli, the cost of ploughing in this case 
would be only i«. Gd. per acre ; and it is difBcult to 
see how, with coals at a high price, the work could 
be done for less by steam. When, however, we turn 
to the stiff clays of Kent the cost of ploughing is 
greatly increased by tho employment of four horses 
and the much leas area ploughed in the day. On such 
Eoils fonr horses, one ploughman, and one driver cannot 
be expected to get over more than three-quarters of an 
acre per day, or taking the same range of prices for 
both horses and men, IBs. per acre. No doubt plough- 
ing under such circumstances frequently costs a greater 
I, uid probably finds its maximum price at 25«. |ier 

The rapid increase in the vulue of liorsefl and of miinuBl 
na dnring the lusl tlirco yenrs will to soiue extent modify 
coDCluBionri nboTe arrived at. 
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^^^^^^K Under snch circumstances the employment of 

^^^BJHm will effect a direct saving, and there is also a 

^^^BM of work inTolring mnch power which could not 

be performed by horses and yet can easily be accom- 

pliahod by steam. 

Mr. Swanwiok, of the College Farm, Cireneeater, has 
fnmiahed me with the following estimates of the cost 
of eteam plonghing and cultivating done by contract 
upon froo working land in the automu of 1872 : 
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It will be seen tliat the prices fixed by contract ^H 
not include either ooal or oxpeuses connected witi^H 
hauling water. ^H 

Having hazarded an opinion, that upon ordinar^H 
moderate and light Boila it is difficult to show a direct 
economy from the employment of steam, I turn to 
the Eeport of the trials at Wolverhampton in 1871, , 
g'iveD in the 'Journal of tha Eoyal Agriculturi^™ 
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Society.' The writer, Mr, J. A. Clarke, bas paid 
especial attentioE to the whole Bubject of Bteam cnlti- 
vation, and in the following remarks he not only 
throws light upon tho subject in hand by a distinct 
expression of opinion, but gives also a good idea of the 
progress which has been made in ateam cultivation 
within the last few years. It must, however, be 
remembered, that in all show-yard competitions, the 
implements are new and of the very best type, while 
the mea who are sent with them are thoroughly trained 
to ehow the implements under their charge to the very 
best advantage. Tho same implements in the hands 
of rural engineers could not bo expected to tnm over 
the ground as rapidly as we see done in the fields 
devoted to competition, ony more than tho thrashing 
machines turned ont by our many good manufacturers 
f ulfil tho quantum which they are advertised as 
capable of achieving. 

At the earliest trials of the Eoyal Agi'ieulturol 
Society (1856), Mr. Amos drew up tables to show the 
comparative costs of ploughing by steam and by horses. 
In these tables the money cost of steam ploughing is 
7», 2^d. per acre. The judges aio of opinion that the 
cost of the like work by horse power would bo at least 
7s. per acre. Mr, Amoa however had in this calcula- 
tion favoured the steam power by allowing too small 
a sum for wear, tear, and interest, and assuniiiig 
too large an annual acreage. At Chester the judges 
allowed wear and tear at 15 and interest at 6 per cent,, 
spread over 200 working days in the year. They 
irted that Fowler's appaiatua ■p\ou^\iei Y^^'i. \isft^. 
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at the rate of 7} acres in ten honrs, and hea^y land at 
the rate of 6 acres in ten hours, the total cost being in 
the first case 6«. and in the latter 9«. 2(2. peracre. Onr 
estimate, they said, of the quality and value of the 
work thus performed is, that the light land could not 
have been done by horse-power for less than 8«. per 
acre ; that the heavy land could not have been ploughed 
for less than 12«. 6d per acre, and that the deep 
trenching could not have been done by horse ploughing 
at all. In the same trials the Woolston implements 
exhibited by Messrs. Howard cultivated heavy land 
twice over, at the rate of 34- acres in ten hours, for a 
total cost of 12«. 9(2. per acre, while to efifect, say the 
judges, a similar result with the ordinary implements 
and horse-power, three distinct operations would be 
required, which could not be performed at less than 
188. 6(2. per acre. The judges concluded that the prize 
machine was able to turn over the soil in an efficient 
manner at a saving, as compared with horse labour, on 
light land of 24- to 25 per cent. ; on heavy land 25 to 
30 per cent; and in trenching 80 to 85 per cent.* 
Other instances are given in which the comparative 
cheapness of steam is clearly shown in show-yard trials ; 
but in spite of these favourable examples, I am dis- 
posed to consider that in the field, the advantages of 
using steam in the cultivation of the soil are not to be 
looked for in a direct saving of expense, unless it be 
upon very stiff soils or where the work is much deeper 
than that of ordinary ploughing. 

* J. A. Clarke's Beport, * Jouraal of the Royal Agricultural 
JSociety/ vol. xvii. part it. 
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The advantoges of stoRin cultivBtion, however, are 
i, and eapeciftlly appeal to the occupier of stiff 
They may be tboa summarised : 
r 1. Cheapnesg. 
2. The nooesBary cultivation performed at Uie time 
when it is most OBeful. 
F" 3. BelieTing of the land from tho treading of horaes. 
r 4. A deeper tillngo can be effected. 
\ S. A larger breadth of wlieat may bo oultivated. 
6. More abundant orops. 

Of these, tho second is among the most important, 
&nd might induce me, did apace permit, to descant upeii 
the advantages of antnmn cultivation, working clay 
lands at dry seasons, and boing beforehand with work. 
It will, however, be noticed that the above advantages 
are connected essentially with clay lands, and cannot 
affect the holder of light soils, who is less careful to 
have his land worked at a particular time, who does 
not believe in tho advantage of very deep culture, and 
who treada his lanil with sheep in order to give it the 
requisite firmness for growing corn. The most suc- 
cessful attempts at steam cultivation apon light landx 
havo been made upon the principle of employing 
rapidly moving wide implements, similar to MesHre. 
Fowler's steam "drags," These cover a very large 
area in the course of the day, and are as effective upon 
light soils, in the spring, after winter ploughing, us 
any horse cultivator. It is stated on good aiithority 
that steiun cultivation enables the &rmer to dispense 
with from one-third to one-fonrth the number of his 
horses, and tho pntting down of an agricultural horse 
kfsaloulated to effect a saving of about 441. \iec a.n.u.iua. 
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Sowiiro 

DriB; de. — Jethro TvD pabliflbed hu inTentioii of 
the drill in 1730-L He writes: " When I ns yoimg 
my diversioii wu moBk. I had bIso the cnrioeity to 
ftcqtuust myseit thonmghly with the &brie of eTsr; 
pat of my org>n ; but u little thinking that evet I 
Bhoald t»ke from thence the Gist nidiments of » driU, 
u that I should erer have occasion of Eoch a wmVhinA, 
or pnctise agricnltnre ; fur It was acddent, not choice, 
that made me a farmer, or rather many incidents, 
which conld not then poeabljr be foreseen." Profits 
boiug at that time small, chiefly, it appears, becanse 
{)Iongh servants began " to exalt their dominion orei 
their maeters, and all mine being of that sort, Mr. 
Tnll turned his attention to the snbject of economising 
Bood. Ho practised himself in discriminating good 
from bad seed, and snbseqaently found, " by many 
tritds, tlmt HCnrce any, even of tbc best, would sncceed 
nnlciu covered nt a certain exact depth." This led 
him to oinpluy people to moke channels, and sow a very 
Wiiall proportion (of sood) therein, and cover it exactly. 
" Thin way Bucceeded to my desire, and was in seed 
mid labour but a fourth port of the expense of the 
iinmmim way, and yet tbe ground of seed was better 
)>liiiito4l," It njipoars that through the negligence or 
juftlouiiy of his labourers, this experiment failed, and 
TiiU adds: " I was forced to dismiss my labourers, 
rtimilviiig to quit my scbcmo, unless I could contrive 
Ml pii({iiia to plant St. Foin more faithfully than such 
would. To this purpofio I examined and c 
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pared all tlie mechanical ideas that had ever entered 
my imagination, and at last pitched upon a groove, 
toDgue, and spring in the sonnd-board of the organ. 
With these a little altered, and some parts of two 
other inatmments, aa foreign to the field as the organ 
is, added to them, I composed my machine. It was 
named a drill ; becaiise when farmers naed to sow their 
beans and peas into channels or furrows by hand they 
called that action drilling." 

In the long interTal of years between 1730 and 1871 
the drill has undergone many improvements, has 
afisnmed many forme, and has established itself as one 
of our most indispensable farm implements. It has 
been adapted for sowing all seeds, from clover to beana, 
at any required quantity per acre, and for depositing 
manure with the seed, while latterly the water drill has 
been devised, enabling the farmer to sow turnips and 
swedes with manure suspended in water, and applied 
at the rate of from 200 to 600 gallons per acre. 
' Becent catalogues contain references to the following 
classes of drills : 



Com anil seed drilla. 
General purpo^ drilla. 
Hand drills atid gapping 

drills. 
Turnip drilla. 
Turnip and mangold 

drillfl. 
Drill and land-pressers. 



Manure and seed diills. 

Potato diillB. 

Bye grass and aoisll seed diills. 

Ridge drills. 

Water drills. 

Barron' seed drills. 

Cup drills. 

Dibbling mucliinss. 



^Messrs. Garrett and Sons, of Leiston, Suffolk, occupy 
ery leading position as drill makers, and aiunu%<^*.WE 
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wetl-kBown tnftiiufiu>turerB may be mentianed Mr. 
JaraeH Coultne, Spittlegate, Grantham ; MeBare. Hnnt 

and Pickoring, Leiceetet ; Mesare, HomBby and Sodb, 
Spittiegate, Grantham ; Measrs. Holmes and Sons, 
Norwich; Messrs. Beeves and Son, WoEthury, WUt- 
Bhiro ; Mr, W. S. UnderhiU, Newport, Salop, &c. &c. 

DrillB are now in univereal use in England, and are 
ntpidly becoming bo in Scotland. Tbo Scotch and 
north of England farmors have, however, adhered 
with great pertinacity to the older system of hand 
sowing, and as this system is still recognized as nsefiil 
nnder certain circnmstances by all farmers, it will be 
interesting ia inquire into the relative merits of hi 
sowing or broadcasting v. sowing by the drill. 

In the case of all root or fallow crops, L e, 
which take the place of the old bare fallow, once 
universally used as a means of cleaning and renovating 
liuid, the advantages of the drill are perfectly clear. 
A "fallow" is not effective unless it leaves the land 
both rich and clean, and when a fallowing or cleaning 
crop is sown, both objectB must bo kept BtencUly in 
view. The first ia accomplished by liberal manuring 
and feeding tbo crop upon the land ; the second must 
be secured by cleaning proceases before sowing and 
subsequent intercultnre. This last requirenient in- 
volves sowing in rows and the consequent employ- 
ment of a drill. In the sowing of cereal crops much 
may be said in favour of broadcasting. (1) Supposing 
the land to be clean (free from weeds), broadcasting 
ensures a very equal distribution of seed, each plant 
being (supposing a perfect system of broadcast sowing) 
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eqaidistant &om ita neiglibonie. (2) It is a much more 
rapid and chenpcr method of sowing — one man being 
able to sow 15 acres per day. (3) When the furrow is 
well laid for the purpose, i.e. presents a good "eeam" 
for the reception of the seed, or when the ribbing 
plough is used, broadcasting is as effective as drilling. 
(4) Upon wet and heayy soils the trampling of horses 
and the passage over the ground of a heavy implement 
are avoided ; on the other hand, while drilling gives 
the plants a larger amount of room between the rows, 
they are crowded in the rows. It is slower, and more 
eipensive than brottdcaeting. It acts injuriously upon 
wet, stiff clays. To all these objections the important 
fact may bo urged, that drilling has tiiumphed over 
broadcasting, and has thus proved its excellence. 
Drilling also possesses the following substantial merits. 
It ensures the depositing of tho seed at a uniform 
depth ; allows of horse and hand-hoeing (intorculture), 
while a saving of seed is effected. 

It is diffieult to see how wheat could be sown except 
with the drill in the south of England, where the 
general system is to sow upon a surface pressed Srra 
and flat by the CrossHU or Cambridge roll. 

In the above list, seed barrows are noticed. These 
ore upon the broadcast principle. They consist of a 
long seed box, through which runs a spindle furnished 
with revolving brushes placed at intervals. Opposite 
each brush are holes in a metal plate through which 
the small seeds are perpetually brushed ; and felling 
on to a distributing board, they find their way to the 

!Otmd, and are subsequently harrowed in. This ia 
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fBroorite metbod of mowing eloTa« and ijc gm 
kDil tl is bcotsioiiAny oaed to aowisg bftdey. 

TLe tenu " dibbling " exprasMs the proc£A 
Mining ill boIt«, as when potatoes are plmfawl : 
a ganltiD. This process has been applied to c 
unci luiuiy poFsons beliere in its adrwitagea. 
urn inoliuod to thinJi that althoagh this method < 
rowing may bo nsod with be&us, it cannot he e 
fully anil generally applied to the sowing of cereals, 
UjHiu very giiod land and for very early » 
bling wheat may naeceed, bnt it is at best latha 
hazurduns, and most not be attempted oa inferictf 
■Hiilx, or when the season is late. Hand dibbloi 
of very simple construction may be osed for sowing 
mougidd or beans, but I cannot recommend the or* 
diiiary farmer to purchase those elaborate i 
iixhibitud in our showyards for this purpose. I1 
uppoars to mo itn nnwarrantAble ontlay of capital in 
diiiMirtmout which is liable to absorb more tlian i 
Kharu. I must however mention Messrs. John ] 
and Oo.'s Pateat Grain and Seed Dibbling 1 
with nil dibbling wheels, and capable of dibbling ever 
variety of grain and seed, price 5dl. 

iMi-I.RMKNTa USED OJ THE AFTER CoLTIVATION OF 

CuoPB. 

ifodo.— ITund- and horse-hoeing are both in constai 
riiiiiii»itii)u during anrnmer, and it has been often n 
luurkod thiit in order to realize the advontagee of drill 

gowu. tho horse-hoe must follow the drill. Thes 
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machinea are sent out by most drill makers, and ate 
constructed for following tte drill in duo time. 

MeBsra, Garrett funusli sueh hoea at from 111. to 20i. 
eftch, provided witb travelling wheels having tte same 
spread as a drill, and with steerage for guiding the 
implement. The hoes are composed of iron stalks 
attached to the &ame, and turning at right angles so 
as to form a cutting knife at their lowest extremity. 
These knives can be adapted to the work of hoeing 
root crops as well as grain. The numerona " scufflera" 
or horse hoes adapted for working soil between potato 
and turnip rows with a single horso do not require a 
lengthy notice. They consist of a broad share with 
two following hoes, and are expansive, so as to take a 
wider row if necessary. Three or four are required 
on on average-sized farm. Find they are kept constantly 
»t work throughout the summer clearing the root 



iMPLUtENTS USED IK THB HasVESTIKQ OB SEOITBINa 

Heaping and mowing machines claim a first place 
among the class of implements employed in the har- 
vesting of crops. They are sufBciently novel to be 
interesting, and rank in importance with the threshing 
maehine and drill. 

The econumy of using reaping machinea is most 
evident, as they are now turned out ao perfect that the 
old objections that they cut off heads close to the neck, 
and made untidy work, cannot bo brought forward. 
They are now made to out the heaviest crops of com 
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around Spalding, in Lincolnshire, while the mowing 
machine is employed upon the rankest grass crops 
produced by the use of sewage, sometimes 7 to 8 feet 
in length. They may also be used for beans, and 
hence the objection that machines fail to cut the 
heaviest crops falls to the ground. When com crops 
are much twisted and laid flat with heavy rain, they 
present the greatest difficulty to reaping machines, but 
it is seldom that a crop is so severely affected that the 
implement cannot cut at least partially round the field, 
say two sides or three. A good improvement to meet 
this difficulty has been suggested by Mr. A. Hughes of 
Brampton Arle, Market Harborough, who has patented 
a comb which precedes the machine and lifts the 
flattest laid com so that the knife can act upon it. 
The solid advantages of reaping com by machinery 
may be thus summarised : 

1. It acts as a wholesome control upon the labour 

market, at a time when labourers are apt to be 
exacting to an unreasonable extent. 

2. It finds employment for horses at a period when they 

would without it be idle. 

3. It enables the farmer to cut his com when it is in 

the greatest perfection. 

4. It diminishes risk by shortening harvest. 

5. Machine^ut com will be sooner ready for carting 

than the same com if hand cut. 

6. It is the cheapest method of cutting com. 

All these considerations are so important, that they 
have at once secured these machines a place in all 
good lists of requisite implements. 

I cannot refrain from glancing at the history of a 
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macfame vbioh has bo benefited the agriculturiBt. 
Its first appearance was as a meeiiuiicnl novelty at 
the Intemfttional Exhibition of 1851, when it was in- 
troduced by Mr. McCormick, an American, Public 
attention being attracted, controversy was soon stirred 
np, and it was shown in the anccoeding year that the 
Reverend Patrick Bell, of Ciirmylie, Forfarshire, had 
invented a very similar machine, which had been 
working upon his brother's farm for the past fourteen 
years, at Inch-Michael, Carse of Gowrio. Mr. Slight, 
of Edinburgh, who made this communication, also 
stated that four Bpecimens of this machine bad been 
sent out to America, and the principle upon which the 
new American reaper waa constructed showed clearly 
that the Bell reaper waa the model from which it 
bad been taken. This discovery turned attention to 
Mr. Bell's reaper, which now entered into successfnl 
competition with McCormick and Hussy's machine, 
manufactured by Croaskill, of Beverley, The effect 
was that many of Bell's machines wore made, and had 
a largo sale in Scotland, until the old rival, the 
MoCcirmick, again came into competition, with nu- 
merous improvements, under the name of Burgess and 
Kay's reaping machine, and firmly estabKshed itself 
as the most perfect implement of the kind, Samnel- 
son's machine, brought out in I8G2, formed the next 
important step, and had the advantage of cheapness, 
lightness of weight, draught, and simplicity in its 
mode of working, having no straps about it. Later 
on, Messrs. Hornsby, of Grantham, secured the first 
jrize of the Eoyal Agricultural SocUt-j ^tk«x\.\i&.'j^ 
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mont similar in many respecta to Samnelson'e, anil this 1 
having received bo high a commendation may be fairly I 
oonsiderod to have oamod a first place. The i 
of Cuthbert, Bamlet, Woods, Brigfaam and Bickerton, 
BS well OB other manufacturers, are also associated 
with excellent reaping machines. 

Reaping machines either deliver the cnt com behind 
the implement or at its side ; hence we have back- 
delivery and side-delivery reapers. Back delivery iB 
effected by a tipping-board, which, after receiving a 
sufficient qnantity of com to make a sheaf, is " tipped," 
and allows the com to slip off behind, the board imme- 
diately resuming its forroer position. These imple- 
ments cost less money than side-delivery reapers, and 
are very portable and snitablo for small farms. Side- 
delivery reapers either deliver the cnt com in a con- 
tinuous swathe or in sheaves ready for tying np. The 
first class is represented by Burgess and Kay's and 
Crusskill's reapers, and is best adapted for catting 
barley when it is not intended to tie np the crop into 
sheaves. The second class, represented by Samuelson 
and Homsby. is best suited for wheat, or any crop 
which is to he tied up. There are also combined 
reapers and mowers, but these are not to be recom- 
mended on large or even ordinary sized farms. The 
difibronce between mowers and reapers consists in the 
apparatus for clelivery, which is not required in the 
former. All that ie wanted in cutting grass is a knife, 
so that when cut it immediately falls over and behind 
the cutting and advancing knife. In reapers the com 

Is on to a receiving board of some kind, where it is 
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delivered either at the back or side. The knife ia the 
most important pnrt of any reaper, and, without pro- 
tendiog to gi¥o a detailed description, I may say 
th&t it consiets of a scries of triangular blades or 
teeth riTeted on to an oscillating iron plate or rod. 
The knife works between a series of stationary finger 
pieces, and a rapid oscillating movement is communi- 
cated to it by means of a crank, deriving its rotary 
action from travelling wheels furnishod with internal 
gearing which engages with a small pinion wheel. 
Thus a rapid movement is obtained that is readily 
communicated to the crank, and from tLe crank to the 
knife, A good reaping machine, with 5-feet knife, will 
cut its acre per hour with ease, and will cost, in the 
case of Hornsby's machine, about 28^ The work ol 
taking up and tying is usually let at from ^s. to 5s. 
per acre, and where a force of people ie required to 
keep up with the machine, nine men, nine women, 
and nine children, will tie up and stock, gather and 
make bands, after Burgess and Eay's reaper (Mr. Jacob 
Wilflon). 

The horse rake is a second important help in the 
harvesting of hay and com, and in the former case the 
hay tedder ia usoful. Mr. Harrison, O.E., when at 
Frocester Court Farm, Gloiieestershire, showed clearly 
the immense saving effected in hay harvest by the use 
of the mowing machine, the horse rake, and the hay 
tedder. The last-named implement must, however, be 
employed with caution, for although usofnl in making 
old land hay, it breaks the leaves of clover, and thus 
B the value of the hay. The straw elevator^ da 
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implement originally intended as an adjunct to the 
threshing machine, has been of late nsed in the harvest 
field. It is set down near a rick in process of bnilding, 
and may bo employed to lift sheaves from the gromid 
to the top of the highest rick, thus saving much extra 
labonr in forking. 

CkirU and WcLggons, — In Scotland and the North 
of England single horse carts are almost the only 
vehicles at work upon farms. In the sonth, waggons 
are in great fSAvonr, although single and double horse 
carts are also in requisition. Keen discussions have 
often taken place as to the relative merits of carts 
and waggons, but wherever a fair contest between 
the two methods of carrying has been instituted, the 
cart has invariably come off victorious. For general 
purposes I incline to the opinion that the cart is 
the best, but in hay and com harvest the waggon 
shows to advantage. Especially in hay harvest, 
it may be remarked, that waggons often enable the 
farmer to save his crop, as they are capable of lifting 
such large weights of hay from the field to a place of 
safety. A light waggon, indeed, is useful upon any 
farm. Every farmer requires long carts, and short or 
tilt carts, the first for carrying com, and the second 
for dung, or for roots, &c. In Scotland, a good plan 
prevails of having a long and a short body to each 
pair of wheels. The wheels being by far the most 
expensive part, a great saving is thus effected, and as 
the two sorts of bodies are seldom in request at the 
same time, the wheels can be conveniently made to do 
double work. A great deal might be written upon 
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carts, as many important problems are involTed in the 
structnrc of the wheel and axle, the balancing of the 
cart-body, the oxrangeiaent of the load, and the divi- 
Bion between weight on the horse's hack and draught 
from the shoulder. The worldng out of Buch problems 
would, however, lead me to devote too much space to 
this class of farm implements. 

Implements toe PKEPABraa Cbopb fok Markets. 

This class includes threshing and all bam imple- 
ments. The time is hardly yet forgotten when the 
" flail " was the only machine for separating com from 
straw, and when corn-dresBiiig machines were of the 
moBt elementary description. I have already referred 
to Andrew Moikle as the inventor of the Scotch 
threshing machine, and I may add that Mr. Osley, of 
Ploddon, and Mr. Ildeiton, of Alnwick, both of Nor- 
thumberland, had also devoted their attention and con- 
structed plans for a threshing machine, which was 
afterwards improved upon by Sir Francis Kinloch, Bart. 
The principle involved was still that of beating oat 
the corn. The flail was, however, now fisod upon a 
rotating drum or cylinder, and took the form of a 
simple raised bar cstending along the length of the 
periphery of the drum. Six of these beaters or bars 
wore filed upon the drum, which rotated within a 
concave case, partially surrounding its circumference. 
If the reader imagines these sis beaters wliirling 
round upon the drum at the rate of 800 to lOOU 
revolutions per minute, within a (quarter of an inch 
erf the "concave," he will have no difficulty in on- 
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derstanding hov com is threshed, as it passes throng 
this narrow spuce. This is all that is required 
the act of throHhing, and so far it bears a close resera- 
blance to tho old system of bond threshing. A 
threehing machine is, however, a complicated engine, 
having manj functions and manj movements. These 
various functions wore formerly performed eeparatelj, 
and hence a machine which is able to at once deliver a 
sample of com ready for market is called a " combined " 
threshing machine, and is either fixed in the buildings 
or portable, i. o, furnished with wheels. The opera- 
tions carried on BimnltaneouBly in a complete thresh- 
ing mauhine are as follows : 



1. Tlia separation of com from atran. 

2. Sliaking oul loose corn which maj atill be entangled 

among the straw. 
S. Carrying away tlie straw to a snCBciont distance. 

4. Winnowing. 

5. Hummellitig or cutting o£f the awne from barley. 

6. White cuating, or removing tlio wliite coata or 

chance-adhtring chalT scaleB from wheat. 

7. Screening. 

8. Weighiug tbo com iato sacka ready for market. 



I 



In order to carry out those numerous requirements, 
many sheaves, belts, cranks, and links are necessary, 
and a costly and complicated machine is the result, 
which is ordinarily worked with an eight to ten horse- 
power engine. Such implements are to be found on 
most large farms pretending to be properly furnished: 
although it is the practice of some farmers to I 
portable machines for a few days at a time, and tin 
tbiesh their corn when they wish to selL 
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Among the principal engineering firms who supply 
tUreBhiog machinea, the following may be mentioned : 
Messrs, Ransome, Sima, and Head, Clayton and 
Shuttle ivorth, Marshall and Son, Bnaton and Proctor, 
Gibbons, Nalder and Nalder, Tasker and Sons, and 
Humphries, Omitting various minor points in which 
these implementB differ from each other, we may fairly 
divide threshing machines into three sections : 

»1. Scotch. 
2. Englieh portable. 
3. EngliBh fised. 

The Scotch machine best illuBtrates MeiUe's inven- 
tion, and is of simpler strncture than the two last- 
named classes. The drum revolveB with an upward 
direction, when viewed from the point at which the 
com enters. Threshing is effected between the drum 
and " drum cover " which surrounds the upper cir- 
cumference of the drum. The com and chaff find their 
way through Bcreena into the " great hopper," and &om 
thence on to the riddles of a. winnowing machine. The 
straw is pushed forward over the screens by means of 
revolving rakes. The Scotch threshing machine is 
not adapted for travelling, and is always a fixture. 
The English threshing machine is much more com- 
plicated, and may either be permanently fixed at the 
buildings, or placed on wheels and used as a portable 
implement. 

The use of portable threshing machines has rendered 
much possible that formerly would have been imprac- 
ticable, and has effected a saving in other departments 
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at rani tooaomy beeidee that pecnliBrly its 
Thus it hu diittiniahed earting, and materially altei 
the gtmenl purposes of farm boildings. The 
tiireduDg mauhme will always bo the eye or oentn 
a well-Brranged homestead. It is the source of stm 
the moet bnlky and constaotly used material at 
farmery. The baildings are arranged around it, 
due regard to the etraw requirements of each ; 
requiring most being placed nearest to the 
The eugine which drives it is also the source of power 
for chaff cutting, root pulping, or grinding, and the 
boiler is a suuroo of heat for steaming. We should 
make the threshing machine our " point of departun' 
in oonstmoting a plan of farm buildings. 

The introduction of a portable machine and en] 
ohangee all this, and fiivours a totally different aystnn 
of -bnildingB, namely the " scattered " in place of the 
" centralized " system. First, the necessity for carting 
com homo at harvest disappears — the portable engine 
allowing the thrcehiug to bo carried on in the field ; 
secondly, the question arises, Why cart home the 
straw, when with the help of a shed we could mEike 
into maonre, just where the machine left it? 
has induced the system of field barDS, where 
threshed, and where beasts Eire wintered in order to 
it and tread it down into manure. Turnips and 
of various sorts find their way to this 
it may be, a cottage is built and a pair of horses 
tained for ploughing the surrounding land. 

Here, then, are two principles upon which buili 
irected, springing in a great 
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the nao of portable threshing machines. Let ub glance 
at the relntivG iidvantages of each. The centralized 
homestead is all under tho master's eye ; it offers 
B more complete shelter to stock than is possible in 
isolated aheds and yards ; it gives a centralized power 
which can work all necessary implements, as above 
explained; it gives oIbo a source of heat from tho 
boiler fires. 

The scattered syBtem economises labour at harvest, 
ftud reduces the labour of carting both straw and 
manure. It also enables the farmer to consume hia 
root crops near to the place where they wore grown, 
and to maniiro land with farmyard dung, which, with a 
central set of buildings, might have waited for this in- 
dulgouco for years. 

A cottage and stable further economises labour, for 
fields distant from labourers and horses arc expensive 
to work; and lastly, risk from fire and contagious 
diseases must be considerably lessened. A good case, 
therefore, seems to be made out in favour of portable 
threshing machiuos and scattered buildings in the case 
of all wide-lying farms ; but for compact, moderate- 
sized occupations, where no field is above a mile from 
the homestead, a single well-arranged farmery, with 
fixed threshing machine and engine, will be preferable. 
The reader who wishes to study the newest improve- 
ments iu threshing machines, as well as to thoroughly 
investigate their relative power and cfBcaey, will do well 
to consult the " Report on tho Trials of Implements," 
at Cardiff, by C. G. Roberta, in vol. viii., second series, 
t ii. of the 'Boyal AgiiQiilt\UBl3oc^Y^^^'''^^^^^' 
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It will tboro be seen that, after repeated IxialB, Mesats, 1 
Mar8ljftll,Soiis,andCo., of Gainsborongh, were awarded 1 
the first priae; Messrs. Kaneome, Sima, and Head, the ] 
seooud prize; Uessre. Clftyton and Shattleworth, 
Lincoln, were highly commended, and Messrs. BoBton, 
Proctor, and Co., of Lincoln, were commended. 

Although threshing machineB are now conBtructed 
to prepare the sample for market, no bom is complete 
without on extra com-drcssing machine. Irregnlaritiea 
in speed during threshing, irregularity in rate of feed- 
ing, difforoncos in quality between the top and bottom 
of a rick, all act to prevent perfect nnifonnity, and benoa 
hand blowing, winnowing, and screening are often still 
required after com has passed through a tolerably per- 
fect thresher. Mr, fioberts informs us (Cardiff report) 
that among the twenty-two implements tried at the last 
meeting of the Boyal Agricultural Society, there were 
very few that presented any noTelty in construction. 
After thorough trial the following awards were made : 
J. Goocb, Earlestone, N'orthants., first prize ; Thomas 
Baker Compton, Newbury, second prize ; W. N. Nichol- 
son and Son, Newark, Notts., third prize. 

"Tho very general adoption of finishing threshing 
machines," writes Mr. C. G. Roberts, " has greatly in- 
creased the demand for rotary screens as a part of the 
machine, but has mode it leas necessary for eacb faim 
to be provided with its own hand-worked screen. As 
a separate machine, the screen is now perhaps of 
greater value to the maltster and miller than to the 
furmer." Still I must rank tho corn screen among 
our farm implements, and I have pleasure in drawing 
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Attention to Boby'e (of Bury St. Edmunds) new patent 
self-cleaning corn screen, and his self-iLCtmg com 
screen, ^l. 98. and 8?. Vis, respectively. W. Eainforth 
and Son's adjustable rotary corn screen is also a very 
excellent implement. 

»IlIPLEUBHTe FOB PBKFABINt) CROFS 70B HOHE 
CoNBUMPTiON, OE FOB Lite Stock. 

These consist of millB for grinding and braising 
cxim, oilcake crashers, root pulpers, cLaff cutters, and 
cooking apparatus, of various forms. These implements 
are more used every year over all the sonth of Eng- 
land. It may be observed generally that tbe Scotch 
farmers, even in Lothian, and their brethren in the 
north of England, still hold pertinaciously to a simple 
method of feeding cattle and sheep in which these 
instruments are scarcely required. Where turnips 
given whole in troughs, and straw given long in racks, 
almost deacrihes the system of cattle feeding pursued, 
there seems little room for the pulper and the chaff 
cutter, although the mill, the oilcake cnishor, and the 
turnip cutter must even here find a place. The case 
may be thus briefly stated. In North Britain tumipa 
and swedes not only yield much heavier crops thou in 
the south, but are of much higher quality. Cattle and 
sheep will there make themselves fat much more 
readily on these esculents than in the south, and hence 
turnips are looked upon as the cheapest food that can 
be given. Straw, and csjiecially oat and peas straw, is 
also much esteemed, and these two substances form in 
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ooBseqiieiice by far the moet important materialE in 
Btook feeding. la the eonth of England tnmips and 
Kwedes are not to be depended upon to yield a hsx^ 
crop, and what are grown are of comparatirely poor 
qoality. The tnmip is by no means the cheapest 
feeding niatcrml, and ihe consequence is that the 
fanner voloomes any Enggestion for economielog it. 
Honce root polpere find favonr, and the chaff cnttei 
comee into vogue. By their nae cattle are made to eat 
finely-cat straw thoroughly incorporated with « mass 
of pnlped roots, thereby inipro"ring both foods. Haj 
and straw may also be chopped t<^ether in any te- 
qnired proportion for all sorts of stock ; and farther, 
meal, cattle foods, or crushed cEike may be mixed with 
chaff, in proportions suggested by the chemical coni^ 
pomtiou of each. These implements then enable the 
grazier to ecoaomise his root crop, to feed his straw, 
and to adopt the enggestions of agricultural chemists 
with regard to the best proportions of nitrogenous and 
non-nitrogenous foods. 

Steaming and boiling food has had many adTO- 
cates, but the system does not attract many practical 
agricnlturistB. I have myself seen somewhat elabo- 
rate conveniences for these purposes neglected on the 
farms of well-known agricultarists. The best use to 
make of apparatus for this purpose is that of con- 
verting unpalatable foods, such as rapecake and reinso 
matters, as damaged coin, into a palatable food, and 
this may often bo done with success. Among the best 
jinplements for this purpose I would mention that sent 
-ont by MesBiB. Barford and Perkins, of Peterborough. 
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No maaonrj' is required, and the range is set down in 
any convonient Bbod without danger from fire. It con- 
BistB of a central furnace and boiler, with pipes passing 
ont on the right and left of the latter. One pipe de- 
livers its steam between the casings of a douhle-caaed 
iroQ cauldron, and speedily raises any fluid therein con~ 
tained to the boiling point. The other pipe delivers 
its steam into a simple pan, made to contain pota- 
toes, carrots, or turnips. The boiler is provided with 
a safety valve, and the furnace which is immediately 
beneath it is so small that economy of fuel is almost 
compulsory. The whole apparatus may bo purchased 
for 26?., and the expense of coal when divided over a 
considerable number of cattle and pigs is trifling, 

Two more classes of implements sti-i require notice. 
The first is that which embraces all implements used in 
the improvement of estates rather than in the ordinary 
work of cultivation ; the other involves the considera- 
tion of everything which does not precisely come tmder 
any of the heads already discussed. To thoroughly 
consider these two classes would carry me beyond my 
allotted limits, for I should be led into subjects more 
connected with engineering than agriculture on the one 
hand, and to a somewhat tedious notice of hand tools 
and out of the way implements on the other. I there- 
fore conclude these remeirks with a list of implements 
required upon- a farm supposed to be 500 acres in 
extent, 400 acres of which are arable and 100 acres 
permanent pasture land. This farm will further be 
supposed to be of average fertility, to be of free work- 
ing soil, and to be managed upon & {oat-waxes' ^i:f&. 
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Haying presupposed the character of the fiirm, we are 
in a position to assume the number of teams required, 
a very necessary assumption when the number of many 
of the necessary implements is dependent upon it. On 
such land a team or pair of horses would be able to 
work 60 acres of arable land, or six teams and an odd 
horse should suffice. Six teams should be provided 
with six ploughs, and other implements in proportion; 
and bearing this in mind we are able to construct the 
following list : 

£ 9. d. 

6 Iron wheel ploughsj at 4/. 10s 27 

1 Potato-raising plough, 4/. 155 4 15 

2 Double mould-board ploughs, at 4/. . . 8 
1 Set of ziz-zag drag harrows, 4/. 15s, . . 4 15 

1 Set of heavy harrows, 4/ 4 

2 Sets of seed harrows, at 3/. 10s 7 

1 Set of chain harrows, 4/. 4 

1 Coleman's cultivator, SL 5s 8 5 

1 Broadshare and cultivator, 10/. .. .. 10 

1 CrossMll roller, 13/. 13 

1 Cambridge roller, 8/. 10s 8 10 

1 Plain iron roller, 8/. 10s 8 10 

1 Light wood roller, 3/. 10s 3 10 

4 Horse hoes (scufflers), at 2/. 10s 10 

10 Carts, at 12/. 10s., with harvest ladders, 

extra 2/., 14/. 10s 145 

1 Harness, 51/. 10s 51 10 

1 Liquid manure and seed drill, 24/. . . .. 24 

1 Com drUl, 28/. 10s 28 10 

1 Horse hoe, 18/ 18 

1 Broadcast barrow, 3/. 5s 3 5 

1 Reaping machine, 28/. 28 

1 Mowing machine, 18/. 18 

Carried forward £437 10 
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^^V Brought forward 


437 10 


^H 2 Horee rnkea, at S;. 


. 16 


^M 1 ■Winnowing mftcUine, 11/. .. .. 


. 11 


1 1 Sack liolder, 2i X2a. 6d. 


. 2 12 6 


1 Sftck barrow. 128. 6tt 


. 12 6 


Lever weighing nmohine, Bi. .. .. 


6 


^^^ 2 Sheep tomip outtera, at 5^ 


. 10 


^^ 2 Cattle it.5s... .. 


. 8 ID 


^H 1 Palper, 4;. 59. 


.450 


^H 1 Oilcake cnuher, 4'. U 


4 4 


^m 1 Mill, 8(. lOs. 


. 8 10 


^B 2 0ha£'cntteis,at 10/. 103. 


. 21 


^B 100 Sacks, at Is. 9d. 


, 8 15 


W 


£588 19 


To thia list Bhoald be added the necessary tools and H 




riddles, forks, rakes, hoes, hedging tools, turnip knives, ^| 


scythes, hay knife, ropes, etraw-rope 


twisters, dairy ^1 


utensils, brushes, spades, shovels, &o 


which might H 


cost a sum of say 50i. There are also cases in which a ■ 


set of steom-ploughing machinery, a threshing machine, ^| 


and portable engine might BweU the but 


a already given ^^ 


to a more than double nmount. It is 


therefore diffl- H 




amount of capital required for implements; but in ^| 




cent, of the entire capital required ; or. 


in other words, ^| 


if 6000i. is required to enter a 500-a( 


re farm, 0002. ■ 


KIm 


J 
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EAILWAY8. 

Bt D. Einkeab Clark (Mem. Inst. CiL). 

Thb earliest railway was no doubt that whicli is still 
used by timber cutters in wild countries, who lay down 
light balks of round timber for the rails, while sticks 
are formed into rollers as a rude sort of wheel, upon 
which are placed the massive trees which have to be 
moved from the forest 

In the mineral districts of England, when coal and 
iron were dug, and had to be transported seaward down 
the natural slopes of the country, rollers necessarily 
gave place to wheels, after the cost of packhorses 
(though these are employed to this day in Spain) 
had rendered this mode of conveyance impracticable. 
Wheels of wood, it was found, were not durable, and they 
were consequently tyred, or bound with strips of iron 
on the circumference. It was a continuous process of 
trial and fulure. More than two hundred years ago. 
Master Beaumont, *' a gentleman of great ingenuity and 
rare parts, adventured into our mines [near Newcastle], 
with his thirty thousand pounds, who brought with 
him many new engines not known then in those parts, 
as the art to boore with iron rods, to try the deepnesse 
and thicknesse of the coale ; rare engines to draw water 
out of the pits ; waggons with one horse to carry down 
coales from the pits to the staythes on the river, &c. 
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Within II few years he conBumed all his money, and 
rode home upon his light horse." 

In 1676, railways consisted of two rails of wood, 
which were laid straight and parallel on the lovol sur- 
face ; thus making a way or movable road between the 
mine and the seaport, by leave and permission of the 
intermediate proprietors, and henco called " way- 
leftTes." On these, carte with two wheels were not 
convenient, and tho way'n, wain, wagon, or waggon, 
was made " with four rollers fitting those rails, whereby 
the carriage was so easy, that one horse wonld draw down 
four or five chaldrons of coals, and was an inunense 
benefit to the coal merchant." The planks forming 
the path for tho wheels were, as a matter of course, 
connected by cross timbers, and thns a space was 
enclosed, from which apparently comes the term 
"rail"; or, poRsibly, the resemblance of the timbers 
in form to the rails of a poEt-and-rail enclosure may 



The coarse construction of the wheels caused a rapid 
abrasion of the timber, and it became a common 
practice to nail down strips of iron on the surftice of 
the ascending inclines of the road, where the draught 
was incroased by the wear of the timber. Then the 
practice obtained of filing down double I'ails — a sup- 
porting rail below, and a wearing rail upon it, to 
be taken up and replaced when too much worn. The 
rapid wear of the timber led to the construction of 
cast-iron rails, one hundred years later, in 1776, to 
replace the wooden ones, and being limited in width, 
^^>sj were formed, with a continuous ftnu^sj ot \sA^ ssq. 

^ J^ 
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their iimer edge, to keep the whe«la oo the track. 
The roadfi were then called " tram-roade," after the 
waggons or " trains " which were mu upon them. 
Bat the tram-road was liable to be cuvered with dust 
and gTftTel, tmd so, in 1789, caslr-iron " edge rails " were 
laid dowD, so called because they presented a narrow 
edge, without any ledge, for the wheels to run upon; 
the guiding ledge, in fact, being applied ronnd the 
edges of the wheels, forming flanged wheels, instead 
of flanged rails. The rails were carried in cast-iron 
chain*, which were spiked down to stone blocks, or 
" sleepers," in the ground. But, in the course of time, 
they proved to be liable to fracture under the loaded 
wi^gons and the locomotive engines by which they 
were drawn, and accordingly, in 1820, the "fish-belly" 
rail, which was of rolled wrought iron, was introduced. 
It was similar in form to the edge rail, but rolled in 
ooDtinuous lengths, embracing a number of spans, with 
stiffening ledges or flanges on the nnder side. This 
form of rail grew in favour, and was adopted in the 
construction of the Liverpool and Manchester Eailway 
in 1829. The rail weighed 33 lb. per yard of its 
length, and woB laid in cast-iron chairs, spiked down 
to square stone blocks placed at distances of 3 feet 
apart. It was fortunate for the country that this, the 
flrst important lino of railway, had been entrusted to the 
consummate practical skill and experience of George 
Stephenson, The Liverpool and Manchester Bailway, 
now a portion of the London and North-Wester 
system, will descend to succeeding ages i 
ment to his memory ; and it happily served as a,a 
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railway for those wbicli more immediately succeeded 
it. George Stephenson's son, Robert, and his pupils, 
were entrusted with the execution of several of the 
most important lines, and they were attended with 
similar successful results to those which characterized 
the first railway constructed fur passenger traffic. 

The edge rail and the flanged wheel were happily 
matched, and constitute essentially the mechanical idea 
of modem railways — the b^is of the whole system. 

As in all other roads, so in railways, the first con- 
sideration is the use to which it is to he applied, and 
the weight on the wheels which are to run over it. A 
common mistake has been committed in making the 
road — the permanent way, as it is called, in contra- 
distinction from the temporary rails used by the con- 
tractors — too weak. This has been largely the case 
with American roads. One of their earliest forms of 
rail consisted of a flat bar of iron, half an inch thick, 
spiked down to longitudinal timbers. In the procosa 
of running the trains the iron became cnrved, the 
spikes loosened, and the ends of tho bars turned up, so 
BB to be called " snakes' heads." Occasionally they 
pierced the bottoms of the carriages, and injured pas- 
Bengers; and it was no nnoommon thing to hear pas- 
Bangers speculate by which line they should ta-avel, as 
showing fewest snakes' heads. 

The next point is that the road should be thoroughly 
well drained, that all rainwater falling on the line 
may have facility to run off tho surface without soaking 
in, and that all running water crossing the line maybe 
Mpvidad with culverts to pass below it, Tha e.Ws'^K* 
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Bhould be bedded on porous stone or gravel, consti- 
tuting the ball&Et, vrithont any clay or other impervions 
matter in it The raile should be stiff, both vertically 
and laterally, so that they should neither yield to the 
lurches of the engine and the traio, nor to the heavy 
loads carried on the wheels. The earliest rails made 
in England were carefully made of good toagh lasting 
iron, and have been known to last over twenty-five 
years. But the quality has degenerated, owing to the 
presence of competition amongst niauufactnrers, and 
the Ion prices, so that many recent iron rails have been 
worn out in from five to ten years. The acccloratioti 
of near is, nevertheless, to a material extent dno 
to the increase of trafiic, and particularly to ihe heal 
loads placed on wheels than formerly. A locomotii 
driving wheel may bear on the rail with a pressure 
at least 5 tons, whilst it has been proved that the 
actual area of the surface of contact below the wheel 
and the roil does not exceed a quarter of a square 
inch. The load is therefore oquivalcitt to a pressure 
of 20 tons por square inch on the rail, and it is well 
understood that wrought iron cannot permanently 
such excessively concentrated pressure. 

Engineers endeavour so to plan the works of a 
way, that the earth to be excavated from the high groi 
shall be equal to the embankments to be formed in 
the valleys, so as to effect a redistribution of loaterial 
rather than its removal, and thus arrive at the desired 
result in tlio most economical manner. A wise dis- 
orctiou has to be exercised in laying out the route of a 
new railway— neither, on the one extreme, to divert it 
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tither and thither to avoid every difficulty, or to 
embrace every eligible district on the route ; nor, on 
the other, to carry it with ahsolute directness, as the 
Emperor Nicholas willed when he laid down the route 
of the St. Petershurgh and Moscow Railway, on the 
map of Russia, by drawing a mathematically straight 
line between the two capitals. 

The fundamental datum for the construction of a 
railway is the gauge or distance apart of the two 
parallel bars which form the line of rails. The gauge, 
strictly considered, is simply a correlative of the width 
between the wheels. The first consideration is, or 
should be, the gauge of the wheels, and that of the 
rails follows as a matter of course. Two leading 
gauges have obtained in England, known as the broad 
and tho narrow gauges, respectively 7 feet and 4 feet 
8^ inches wide, although the narrow gauge has prac- 
tically Bupcrseded the broad one. But why a fractional 
measure should have been selected has puzzled mwiy 
people. The fact seems to be that the track of the 
original carts or trams, of 5 feet outside the wheels, 
wae taken as a standard for the gange of raik, which 
were measured outside also. The width of the rails on 
the toi>, being originally IJ inch, this would give 
3J inches fur the rails, leaving 1 feet 8^ inches eutctly 
for the inside measure or gauge. When, subsequently, 
the roils were widened to get broader bearings and 
greater strength, the additional width was necesBarily 
added on the outside, the gauge remaining the same, to 
enit the flanges of the wheels, Tho gauge of railways 
~ md is unifomdy 6 feet 3 mCi1ieB,Vim^^^\&ga»«, 
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wider llian the Englist gniige. The European gauge 
is, for the most part, the samo as the English ; but the 
Sponifih gnage is wider, bciug 5 feet 6 inchefi. canaiog 
a break at the French froDtiar : commercially ineon- 
Tenieut, but Buppoeed to be expeilicnt as a eecurit; 
against a, sudden French invasion. The gauge of ital- 
ways in India, also, is S feet 6 inches ; the American 
gauge is various — from 4 feet 8 J inches to 6 feet; and 
as some of the ganges differ only about an inch, rolling 
atook is occaeioUBlly interchanged, and of course mnfi 
tight and loose. 

Within the laat few years, some engineers have 
broken away from the traditional gaugo. The Festi- 
niog Bailway, in Wales, built originally to carry slates 
from tbe quarry to the port, has one of only 1 foot IIJ 
inches — probably the narrowest in the world. In 
Sweden, the later railways have been constructed to a 
3 feet 6 inch gauge ; and in India, it lias been decided 
to construct new branch lines to a gauge of one metre, 
or 3 feet 3| inches. The partisans of the newer narrow- 
gauge system, of course, argae that it is lees espensive to 
construct and maintain than the standard gauge system. 
The advantages have been made the subject of muoh 
special pleading, and have been greatly exaggerated. 

The earthworks of a railway are the foundation and 
support of the superBtructure, and, as such, should be 
uniformly firm, and carefully considered with respect 
to material, preparation, form, and drainage ; of liberal 
width, with easy lateral slopes, ample ballast, and 
thorough drainage. The ordinary formation of a 
\euttiDg in earth, for two lines of tail, is 33 
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bounded by tho side drains, for carrying off rainwater 
or melted eaaw from the ballast. Beyond tbo side 
drains, the slopea ascend to the natural surface of the 
ground, rising 1 foot for 2 feet horizoatallj. Upon 
the formation level the ballast is deposited 2 feet in 
depth, and about 3 feet wide at tbo top, leaving ample 
margin on each side, beyond the ont^r rails. The two 
lines of rails are separated by a space 6 feet in clear 
width, commonly known aa the " Bis foot." The 
sleepers and chairs are buried in the ballast, and the 
rails rise two or three inches above the level of it, so 
that they may remain clear oi gravel or other super- 
ficial obstructioDB. The total width of the cutting at 
the base is 42 feet. Embankments ore the reverse of 
cuttings, being elevated above the surface of the ground, 
whilst cuttings are snnk below. They are regulated 
in outline by the same geuoral dimensions as cuttings, 
which are freqnently aa deep as from 50 to 100 feet 
below the natural surface, while embankments are 
occasionally as high abovo it. The heaviest cutting on 
the London and Birmingham Bailway is at Tring, 
2^ miles long, averaging 40 feet deep, the greatest 
dapth being 60 feet. The Winchburgh cutting on the 
Iforth British Railway, between Edinburgh and Glas- 
gow, is 4 miles long, and from 25 to 60 feet deep, 
throngh solid whinstone rook ; and it is succeeded by 
■B embankment a mile and a half long and GO feet 
high, which leads to a stone viaduct half a mile long 
and 80 feet high. In crossing Chat Moss, 4 miles 
MTOfiB, on the Liverpool and Manchester Railway, 
George Stephensoa, as he could not &[^^ «. \nMun&, 
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HcmXeA the railvny npon the moss. TLere was no 
alteruntive, fur cAttlo could not stand ou it, and a bar 
of iron would sink in it. The ncliievcmentof croseisg 
the moBS, nnprecedentod at the timo, afibrded an tm- 
equivocal proof of that admirable gelf-reliance vrbicli 
never contfimplateB failure. 

The effect produced by the conBtmction of a railway 
is by no moans limited to the abstraction of a atrip cf 
land. The value of property ailjoining tho spot 
selected for a Btation is generally very largely inci'cased, 
but residential damages are sonietimcB considerable. 
The Birmingham and Gloucester Eailway ran through 
15 feet of cutting near the town of Cheltenham. Trial 
shafts were simlt, which were stopped at 8 feet of 
depth by quicksands. The quicksands were tapped, a 
channel being lowered a few inches at a time, so as to 
drain the whole, and with as little rush and disturbance 
as possible. The unstable sand was then gradually 
dried, and became as sound a substratum as conld be 
desired. But all the wells in the town had been dried 
in the operation, and it was necessary to sink every one 
of them from 3 feet to G or 8 feet. It may be men- 
tioned that in the same locality, north of the hill con- 
taining tho quicksand, and alongside the little stream 
of the Chelt, ran a belt of bog, a swampy, qaaking 
morass; a plan was adopted for crossing it, which 
reminds one of the exploit of George Stephenson at 
Chat Moss. The whole surface of tho field witliin the 
railway fences was levelled to the surface of tho water, 
and covered with wattled hurdles. Turf was spread 
orer them, and ft bed of sand 2 feet in depth was laid 
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over the turf; tbe Bur&ce thus made bore ths railwa; 
without any difficulty. 

In paBsiDg through the oonsecatiTe cuttingB of a rail- 
way, travellers usually coueider that the cuttingB made 
through rock must have been desperate undertakings, 
much more costly than cuttiugs through clay. Their 
relative costs, however, do not greatly differ ; for not 
only does the vertical rock cutting require a less 
quantity of excavation than the wide yawning earth 
cutting of an equal depth with extended slopes, but 
the rock cutting is not auhjoet to the espenaive slips 
which sometimes happen to the other. It is usual to 
make a cutting at any depth less than 60 feet below 
the surface of the ground ; for greater depths it is 
generally less costly to tunnel. The Kilsby tunnel, 
on the London and North-WoBfem Railway, is 160 
feet helow the surface, 1 mile 3 furlongs in length, 
30 feet wide, and 30 feet high, and has two wide air- 
ehafts 60 feet in diameter, descending from the surface 
to admit light, as well as air, to enable the engine- 
drivers to Bee the rails from end to end. It cost nearly 
300,000i., or 125i. per yard running, a charge which 
was forced upon the Company in consequence of the 
opposition of the inhabitants of I^orthampton, who 
streDuously resisted the original design of the engineer, 
Robert Stephenson, to carry the railway through that 
town, by which two objects would have been fulfilled— 
the travelling necessities of the town, and the avoid- 
ance of the tunnel. But the inbabitants, by their oppo- 
flition, drove the line to a distance of five miles away, 
uver anticipating that railways wo\ili qt cwsii. sw^ist- 
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■ede mAil and stage coaoheB, bot regarding them as " bal 
Btnoky aubfltitntes for canala." Tlie famous Box tnimel, 
on the Great Western Bail way, was another difficult and 
expensive work, 70 foot bolow the surface, 1^ mile long, 
and with eleven air-shafts, The longeet railway tunnel 
in England is the Stand Edge timnol, on the Loudon 
and North- Western Railway, towards Huddersfield ; its 
length being 3 miles and 60 yarda. But the more re- 
cently aompleted tunnel nnder Mont Cenis, crossing the 
Alps, overshadows all others, as yet constructod, in 
magnitude and importance. It is the completing link 
of the Victor Emmanuel Railway, which puts France 
iu direct railway conununication with Italy, and places 
Turin within eighteen hours' journey of Paris. The 
tunnel passes under the Col de Fiejua, about 18 miles 
west of the actual Mont Cenis, and is nearly 8 miles in 
length. In section, it is elliptical, being 25 feet S^ 
inches wide at the base, 26 feet 2j inches wide at the 
broadest part, and 24 feet 7^ inches high. At the 
north end it is constructed 11^ inches higher, and 
more elliptical in form than in the body, to enable it 
to resist the greater stress caused by a different inclina- 
tion of the strata. At the south end it is built of stone 
at the sides, and of brick at the upper part ; at the 
north end it is entirely of atone. The line rises from 
both ends towards the middle of the tunnel, on an in- 
cline rising 1 in 45^ feet horizontal from the north, 
and rising 1 in 2000 feet from the south. The tunnel 
was eioovated from the solid rock by the aid of com- 
(ireasod-air machinery, which was employed for driving 
/Jie boring tool, to drill holes in the rock for the re- 
ceptioB of oharges of gunpowiOT, to \i\q-;. 
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material. By thus employing compreBsed air, whicB 
was of five atmoepherea pressure, instead of steam, ad- 
vantage waa taken of the opportunity to maintain a 
supply of fresh air for the workmen in the tunnel, and 
for eanying off the gnseouB products of the esplosiona. 
The progress made in cutting the tunnel, after the 
machinery and all arrangements were matured, averaged 
about 1 metre, or 40 inches per day at each end. 

The St. Gothard tunnel through the Alps, now 
(1876) in course of oonstructiou, will he, when com- 
pleted, of atill greater magnitude than the Mont Ce&iB 
tunnel. It was projected to comjilete the link which 
is to connect tho Swiss system of railways and the 
railways of Upper Italy, in the valley of the Ticino, 
The length will be 9^ miles. The section of the 
tnnnel is the same a^ that of the Mont Cenis. The 
excavation is conducted entirely by means of mecha- 
nical perforators driven by means of compressed air. 
The construction of the tnnnel was commenced in 
August, 1872; it is now more than one-third con- 
structed, and is extended at tho rate of 8 yards per 
day for botb ends ; and it is expected that the tunnel 
will be completed by August, 1879. 

There are about 80 miles of tunnels in Great Britain, 
which have been constructed at an average cost of 45/; 
per yard running, or about 80,000i. per lineal mile. 

Ordinary road bridges are usually constructed of 
brick or stone over or under a railway, as the case may 
be. If built across a cutting, over the railways, the 
fonndationB arc laid in steps on the solid natural earth. 
But, on the contrary, if the bridge is. WAX. wAet '&* 
railways, in continuation of an eni\«.nt3SiG'ali.,'Ctt.'6^«'»».^Sk- 
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tions u« biiilt ap equaro baxa the solid ground. Large 
bridgos hnvu bneu built of timbur and of cast iron, w 
well a» ai brick nud etone, bat thoso matertaJB have 
generally boeu Bupersedud b; wronght irou, forming 
girder bridges conetructed either of plates or of bars, 
nr a combination of plates and bnrB. Lofty brid|zeG 
kttd Tiadocts are now built either entirely of wrought 
iron for the piers and the spans, or with piers of stone 
and wTonght-iron girders, either straight and parallel- 
sided, or ardied. 

There aro many stone viaducts of great length, of 
which the one over the Almond Valley, on the North 
Britbh Railway, is 720 yards long (nearly half a mile), 
and has 36 segmental arches, each 75 feet in span. The 
Ballochmylo viaduct, over the river Ayr, on the Glasgow 
uid Soutb-Westem Railway, has a semicircular arch of 
180 feet iu span — the largest span of railway maaunry 
n' Great Britain, or probably anywhore^with six 
smaller arches of 50 feet span. Tlie only other 
bridge of greater span is the commuu-rood bridge 
the Dee at Chester, of 200 feet spac. 

The Congleton viaduct, on the line between 
Chester and Birmingham, is perhaps the longest via- 
duct of magnitndo in Eogland. It is of stone, and is 
1036 yards, or more than half a mile in length, and 106 
foet high. It cost 113,000?., being at the rate of 112t 
per yard running. The Avon viaduct, on the Midland 
Railway, of brick, is 240 yards long, with eleven arches 
of 50 feet span, and cost 14,0002,, or 60i. per yard 
running. The Britannia Tubular Bridge, across the 
MoaaX Straits, is 616 yards, or more than a third of a 
mile, long, and 104 feet 'lug^. 1^ i^oe^ ^QQ,W»a.,(« 



M^^ 



SAtLWArs. 181 

07H. per yard nmning. On the different lines entering 
London, and other large towns, there are mileB of via- 
diictB of moderate height, stretching as far ae the eye 
can reach. It is eetimated that there are 80 miles of 
railway viaducts in the United Kingdom. 

The great theatres of the operations of railways, pro- 
Hminttry and Bnbsequent to the transport of paBsengers 
anil goods from place to place, are the stations, which 
are both termiiiBl and intermediate. The vast buildings 
and their dependencies, which constitute a chief terminal 
station of a great line of railway, consist of three prin- 
cipal Bections : let, the passenger station, appropnated 
for the general offices of the Company, and for the em- 
barkment and disembarkment of passengers ; 2nd, tlie 
goods station, appropriated to the reception, loading, un- 
loading, and discharge of goods and live-stock carried 
by railway ; 3rd, the depots for locomotives, carriages, 
and waggons, where the rolliog stock reposes, and is 
cleaned, examined, and repaired. It may be added, the 
carriagea and waggons, when in good order, are stored, 
when not in active use, in or near the passenger and 
goods stations : while at many intermediate stations 
similar arrangements on a smaller scale are made. 

The stations for passengers and goods are geuerally 
in different positions — sometimes distant from each 
other. The passenger station abuts on the main line, 
or forms the natural terminus of the railway, at a place 
as near as can conveniently be obtained to the centre 
of the population from which the passenger traffic is 
derived ; the terminal goods station is approached by 

siding or fork let off from the mam Vtob *.! ws-aia 
it short of the passenger atatiow., M. "Vivjiit^wA, 
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for exnmplo, the main line of the railway leads to the 
posaengor depot by a tnnnel nsder the etreete, and 
tenninatea near the centre of the town. The branch 
leading to the goods station is conducted by a separate 
tunnel to the docks and quays, where the goods are 
receivod directly from tLe ebipping upon the laila, and 
reciprocally from the rails to the shipping. Every 
effort ehould bo made to secure for a terminus, or other 
station, a position on the surface of the ground rather 
than on an embankment, or on a viaduct, or in a cutting, 
facility of access in all directions from the surrounding 
districts, with good roads, being indiepensablo. 

Tho St. PoucraB terminal station, in London, of the 
Midland Sail way, is said to have the largest passenger 
shed in the world. The platforms and rails arecovered 
by an iron roof with a single span of 240 feet, and a 
length of 680 feet 4 inches. It covers ten lines of 
rails. Tho total cost of the roof, eucluding screens, 
Wfts 63,483i. The annexed table shows, for com- 
parison, the spans and costs of the roofs of different 
railway stations — the cost being given per square of 
100 superficial feet : 



New Street, Binningham 

Charing Cross 

Caniina Btieet 

Lime Sttetit, Liverpool . 

Victoria 

Bt. Pauoroa 
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Tbe extent of accommadAtion required in sidings 
forms a large item of expenditnre. On the main line 
of tbe London and North- Western Eailway, between 
London and Birmingham, 113 miles long, there were, 
twenty jeara ago, 53 miles of siding of single line, equal 
to nearly half tho length of the railway. Ou the whole 
syatem there was 1 mile of sidings for every 5J milea 
of railway, the stations averaging a distance of 4 
miles apart. On the Great Northern Eailway, at King's 
Cross station, there are 18^ miles of sidings; and on 
the whole lino there is probably 1 mile of siding for 
every 3 of railway, the stations being at an average 
diatanco of 4 miles apart. It would thus appear that 
the Great Northern Railway Company forestalled the 
demand for the siding room, which, in the eiperience 
of the older linos, was ascertained to he necessary. 

The formation of the line to the permanent way has 
already been noticed. The ends of the rails are united 
by two fish-plates, one on each side of the raUs, bolted 
together with fonr bolts and nnts. The rails are 
keyed into cast-iron chairs by oaken keys, and the 
chairs are spiked down to transverse wooden sleepers. 
This is the ordinary method of fixing rails. Cast-iron 
sleepers are used in hot climates, and in situations where 
wooden sleepers fail. They are of the form of shallow 
bells, which rest mouth downwards in the soil, and have 
chairs cast on their upper surfaces for the reception 
of the rails. Apertures ai'C formed in the upper sur- 
face of these sleepers, through which the ballast may 
be introduced for packing them. 

Bails ore of various forma, the moat ctimiciatx \w»xt% 
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the donble-boaded, the Yignnlee or flat-footed, and tli|^| 
Bninel or bridge-raila. The double-beaded rail, ^1^^ 
called because it cotiBists of a vertical rail with tvQ^^ 



heade, or widened portiooE at top and bottom, is usually 
from 2J to 2^ inches brotid at the bead, and 5 inches 
deep ; the flat-footed rail has only odo head or bearing 
surface, and the fixit is made flat for the purpose of 
resting direct upon the sleepers, and being spiked to 
tbem. It is much used in America and on the con- 
tinent of Enropo. The bridge-rail is used on the 
Great Western Railway and in Ireland. It is on longi- 
tadinal or continuous sleepers, and is mncb employed 
on bridges. Hails, whatever the section, may be 
generally to follow theso dimensions : height, 4^ 
inches : breadth of table or wearing snrface, 3^ 
2^ inches. The weight of rails is varied according 
to the loads which they have to carry — from 40 lb. to 
80 lb. per lineal yard. A very common weight is 
75 lb. per yard. It is of course understood that rails 
are always mode parallel-sided. They are ordinarily 
of wrought iron rolled ; but within the last few years 
rails mode of Bessemer steel have been laid down to 
some extent, anil are particularly to be recommended 
when the traffic is heavy and frequent, on account of 
their durability being greater than that of 
variously estimated at from sis to fiftoei 
much. 

The use of switches and crossings is to form 
communication between one line of rails and anothc 
They are usiuiUy constructed of ordinary rails, 
M^wat-iron chairs specially formed to 
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cei»B thera, and Bpiked down to sleepers. Tlie two 
Bwitcli-rails forming the points are movable, and are 
worked Ly roda to which heavy weights are attached, 
the fimotioa of the Irttter being to retain the pointB in 
one position, and to act as a Belf-DCtiug adjuetment 
in reBtoring them, after having been shifted for the 
paseage of an engine or a train. It is of great; impor- 
tauoe that the switches should be kept always in their 
proper position, so that they may not endanger a train 
passing over them by throwing it off the rails. " Facing 
points " are snch as are laid on the main line, so as 
to face or point towards advancing trains ; they have 
caused many accidents, and so dangerous have they 
been found to be, particularly on high-speed railwaya, 
that in general they are absolutely forbidden at all 
except terminal stations and at intermediate stations 
where all trains arc timed to stop ; at junctions with 
other lines they arc of course unavoidable. 

Turntables are of two classes, first, for turning car- 
riages and waggons ; second, for engines and tenders, 
They are moat useful at terminal stations, and indeed 
at all stations, for the marshalling of trains. Turn- 
tables of the first class are ordinanly of cast iron, 
about 14 feet to 15 feet in diameter, and consist of a 
revolving table with crossed lines of rails on it turning 
on a central pivot and on rollers at the circumference, 
which are upheld by a cast-iron base on a firm founda- 

For turning engines and tenders together, a much 
longer table is reijuired, iO feet in length or so. A 
eommon form of table conBlat& of tvo Vu&.^'i.'s^^^a^ 
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bklke of timber, or wroaght-iron girders, whicli can; 
ft line of mils, framod together with iron beams, 
hj means of which the central part is supported on a 
pirot, and the extremities on a pair of rollers at each 
end. The tabic reTolvea in a pit about 4 feet deep, on 
a large circular race of cast iron, bedded 
foundation, to carr; the rollers, and the motive 
is applied b; mean!^ of driving gear. 

Traversers are a convenient subetitate for 
tables, particularly for working a number of parallel 
lines of rails. A traverser is simply a low rectangular 
frame, made with two overhmig rails to receive a oar- 
riago or a waggon, and movable on rollers 
lines of rail, bo as to chaaige the vehicle from any 
line of rail to another. 

Water-cranea are erected at convenient spots for 
supplying water to the locomotive tenders or tanks. 
They commonly consist of an upright column con- 
taining within it the supply pipe, which Is connected 
at the upper end with a horizontiil awing pipe, free to 
revolve round thtt column, and to be swung out of the 
way when not in use. It is sufficiently long to 
over the middle of the line of rails, and has a leat 
hoee attached to it to direct the stream of water 
the tender. 

With regard to signals, the semaphore is now very 
generally employed, and has in a great moasuro super- 
seded the disc as a means of signalling. But the 
railway companies do not all work by the same code. 
One manager uses it to give two signals, and another 

ipre three; a third will have an auxiliary or distant 
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sigaail, placed at 500 yards or 600 yards fi'oin the sta- 
tion, to act aB a repeating signal, his neighbour perhaps 
preferring to use it only aa a caution. In the employ- 
ment of the semaphore, the arm is turned straight out, 
perpendicular to the post, as the signal of danger; 
diagonally downwards, at an angle of 45°, as a signal 
of caution ; and it is turned home, disappearing within 
the poet, when tho line is all clear for the approach of 
the train, though in many cases it is never turned 
lower down than at the point of caution. Distant 
signals have but one arm, as they act only upon trains 
approaching in one direction. Station signals have 
two arms, right and left, to direct the trains arriving 
in either direction. To work the signals to the best 
advantage, for the utmost degree of security, there 
must be a clear definition of the duties of the atten- 
dants upon signals, and they should be strictly en- 
forced ; the most suitable men should be selected, 
adeq^uately remunerated, and provided with conve- 
nient, warm, and well-fitted lodges, with ample wiadow- 
epace, within which they may keep a constant watch 
over the line without exposure to weather. It is now 
the practice at terminal stations, and at principal 
junctions, to erect a signal-house in an elevated 
position, to enable the signalmen to overlook the whole 
of the station and its approaches. The signals as well 
as the fiwitchea are all worked from the aignal-house 
by means of levers ranged in a row, each one con- 
nected by rods and bellcranks with its special pair of 
switches. By thus concentrating the manipulation of 
Bignals and points, a. large nximfefeT ol Ytaea sS. •wfi\. 
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may ho workeil, piirtimilftrly when the Bignala 
terlookod with the pointc. At Charing Cross station, 
for example, there ore three Bignal-posts and twelve 
Bomuphurea omplojod in the diiectien of the traffic, 
oTer four linoa of rails on the bridge, ramifying into 
nine lines within the station. There are thirty-two 
pairs of switches, interlocked, when required, 
signals, making from 80 to 110 moTements 
hour, worked by two men, under the orders of t 
agent who communicates with them hy mcana of telml 
graphic apparatus. At the Cannon Street statioa 
there is an establishment of twenty-four semaphoFa 
arranged on four posis, of which eight arms are f 
regulating the passage of trains outwards, and s, 
arms for trains inwards, from and to the station, t 
nine lines of rails. The eignal-houBe cbntuius sixty- 
seven levers, of which thirty-seven are used for work- 
ing signals and thirty for points. The signals lock 
the points and each other. In the course of a single 
working day, 775 trains have passed under the signal 
bridge; in the course of thirty-five minutes, one mom- 

Iing, thirty-five trains were signalled in and out of t 
station. Two men are employed to work the levers. 
On railways of great traffic, the blouk systen 
working signals is becoming generally practised, Tm 
object of this system is to secure an interval o 
between trains following each other en the same liaj 
of rails; the signals are closed against all traioj 
approaching on a line of rail, until the train whioh las 
passed the signalling station has passed clear ( " 
inteiraJ between this station and the noit. For t 



purpose of working the block syatem, therefore, there 
must be frequent eigiial stations provided with moans 
of commuaicfttion with oach other. Esporionce has 
proved that this syatem is compatible with the highest 
rales of speed. On aomo railways, where the block 
system is worked over the entire line, the speed of 
some of tho trains is from 50 to GO miles per hour. 
There arc many single lines where this system h&e 
been found indispensable for the safety of the 
traffic. The interlocking system, already referred to, 
by which the points o&d the signals are caused to work 
in concert, may be most advantageously worked in 
conjunction with the block system. Bail way companies 
have during the last five years (1875) paid 2,348,0001 
in compensation for injury to passengers and goods, 
and therefore have a direct pecuniary interest in 
rendering their lines safe. 

It is Lordly necessary to observe, that a locomotive 
engine differs in. many particulars from other steam 
engines. The machine, as its name imports, is in- 
tended for locomotion ; and it must carry along with 
it the fuel and water which are necessary to maintain 
its action. The condition of locomotion at high velo- 
city in BO weighty a mass as the lightest and most com- 
pact locomotive must be, implies, moreover, a subjec- 
tion to violent strains and shocks, which must be 
provided for. 

The year 1829 is famous in the annals of railways 

for two tilings, the opening of the Liverpool and 

Manchester Itnilway — the type and forerunner of 

^modern railways; and the invention wul (»iuft^cvui,i\sn!. 
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of the first high-Bpeed locomotive of the sUndard 
modem type ; the railway, by Geoi^ Stephenson ; the 
locomotive by his son, Itobert Stephenson. This 
engine, the ' Rocket,' was made under competition for 
the Liverpool and Manchester Railway, and it gained 
the prize for lightness, power, and speed, awarded by 
the directors. Its weight was 4 tons 5 cnt. ; the tender 
fullowing it, with coal and water, weighed 3 tons 4 cwt. ; 
and two loaded carriages drawn, by it on the trial 
weighed 9 tuns II cwt. The gross weight of the 
engine, tender, and train amounted to 17 tons. It ran 
at OD average speed of 14 miles per hour, the greatest 
velocity attained being 29 miles per hour ; and it 
evaporated 18^ cubic feet, or 114 gallons of water per 

This engine comprised the three elements of efficieney 
of the modem locomotive : — lat, the internal water- 
Borrounded firebox, together with the multitubular flue 
iu the boiler, being a number of small tabes, in place 
of one large tube, by which the hot products of oom- 
bustion were subdivided, and the heating anxfaoe for the 
evaporation of water very much increased; 2nd, 
blast-pipe, Arom which the waste steam of the engu 
was exhausted up the chimney ; 3rd, the direct 
uection of the steam cylinders, two in number, on 
side of the engine, with the driving or propelling 
wheels on one asle. The subdivision of the large 
single flue then in general use in locomotives, into a 
uumbor of small tubes, proved of marvellous advantage 
iu accelerating the rate of absorption of heat by the 
water, and the generation of steam, without adding to 
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size or weight of the boilet. But the evaporating 
tabes would have boen of but little avail practically 
for increaBing the Eupplj of steam, had thej not been, 
complemented by the blftst-pipe, which, ejecting the 
steam from the engine, after it had done its work in 
the cylinders, etraight up the chimney, escitcd a strong 
draft through the boiler, and caused a brisk and rapid 
CMmbuBtion of fuel and generation of heat. Tho heat 
was absorbed with proportional rapidity through the 
newly-applied heating tubes. The blast-pipe in con- 
nection with the multitubular flue vastly increased the 
range and capacity of the locomotive ; and those, taken 
together with the direct conneotion of the Bteam 
cylinders to one asle and pair of wheels, made a new 
and original machine. The'Eocket' is now to be seen 
at the Patent Mneeum, South Kensington. 

The ' Eoeket,' subsequently, drew an averse groas 
load of 40 tons behind the tender, at 13 '3 miles per 
hour. Tho old enginea on the Eillingworth railway 
could only average 6 miles per hour with 50 tons. 

Tho way having been pointed out, constrnctors on 
all sides worked, each in his own fashion, at the loo»- 
motive ; and for many years the practice of biulders 
was moulded into two types of engine, both of which 
Lad two cylinders placed horizontally inside tho smoke- 
box, under the chimney. The types were distiagoished 
by the number of wheels. In one there were sii 
wheels, of which one pair was placed behind the 
boiler ; in the other there were only four wheels, 
placed nnder tho barrel of the boiler, having the firebox 
rhniig. Experience has dQmoaBlTB.\£& 't^ 9^&- 
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adTantitg:o of so ovcrhimg muse with a too limited base 
on wlieels, in tLe fonr-wheelod engine when raaning at 
high speed ; and now it ie the general practice to 
apply six wheels at least to all ordinary locomotiTe 
stock. As the tractive power of the locomotiTe is 
rendered available by the adheeion or grip of the 
driving wheelB on the raik, the grip of two or oven 
three poire of wheels is made available for adhesion in 
engines designed to draw heavy trains, by conpling 
rods, which are attached to cranks fixed on the wheels 
or their axles. The four or six wheels thus connected 
are bound to revolve together; and thus it ia that a 
train load which it would be impossible for an engine, 
otherwise sufficiently powerfnl, to move, with only one 
pair of driven wheels, can bo readily moved by the 
some engine when its wheels are coupled together. 
respect of tractive power, therefore, tbf 
recognized classes of engines : let. Engines with 
pair of driving or driven wheels, known as quio£' 
passenger engines. 2nd. Engines with two pairs of 
driving wheels, for taking heavy passenger trains, or 
light goods trains, or a mixed train consisting of 
passenger carriages and goods waggons, known as four- 
coupled or mixed engines. 3rd. Engines with three 
pairs of driving wheels, for taking goods trains, known 
OS sis-conpled goods engines. There are many varie- 
ties of these engines. As they are, most of them at 
least, supplied with a tender to carry fuel and water, 
it is necessary to add that seme engines are so con- 
structed as to carry their fuel and water on their own 
frames, diepensing with teudeia, and called tank 
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engines. TIieBe are nsoful for short runs, or running 
with " short trains," and for marshalling and shunting 
trains at stations. 

Locomotive engines, again, are distinguished by the 
position of tho eteam cylindera, inside or outside the 
framing and the wheels. Inside-Cjlinder locomotives 
have the cylinders within the framiiig, under the boiler, 
with the main driving axle cranked at two points to 
receive the power from the two cylinders. Outsido- 
cylinder locomotives have the cylinders placed external 
to the framing, and connected, not to the axle, which is 
straight, but to crank-pins fixed between the spokes of 
the wheels, in connection with tho naves. In these 
engines, the general contour of the cylinders is visible 
externally at the fore-end of the engine. 

The tocders of locomotives are placed on four or 
six wheels, according to the gross load, and to the 
choice of the designer; and they are supplied with 
powerful brakes, worked by screws, with blocks of 
W€iod to be pressed upon each wheel when the brake 
is applied, A water tank forms the upper part of tho 
tender, and usually occupies the two sides and the 
hind end, in the form of a horse-eboe, capable of hold- 
ing fi-om 800 to 1200 gallons, or even 1500 gallous. 
lu the hollow of the shoe the fuel is deposited, of 
which a full charge may weigh 30 ctft., or 2 tons. 

Within the last few years, a change in the dis- 
position of the wheels, so as to facilitate the passage 
of locomotives on the curved parts of railways, has 
been introduced, following tho practice in America. 
l^tead of the front pair of vdiee^B, * '^'\»i^" \* 
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placed nndn the engine, resting on fonr wheels — 
being in fact it four-wheeled track — connected with 
the body of the engine by a central pivot, npon. 
which the bogie ie fiee to turn round to the i 
or the left and follow the windings of the railwi 
By this means, the reeiatance of carves to engines il 
mach lees than when they havo rigidly parallel axles. 
When tlie bogie ie applied in front, the engine has two 
pairs of wheels conpled together behind, making alto- 
gether an eight-wheeled engine. The North London 
and the Metropolitan (London) Railways are worked 
exclnsively with bogie-engines ; as are also the pas- 
senger trains in the United States. _M 

The earliest four-wheeled locomotives oonBtraota^| 
by itobert Stephenson and Co., Newcastle-on-Tyne, mM 
an article of regular mtumfocture, weighed 9 toiiB^ 
" with Eleam np," having fuel, and water in the boiler. 
The gix-wbeoled engines which followed weighed 
Hi tons. A pas^nger locomotive of the present 
time weighs from 26 to 30 tons in working order ; a 
goodB locomotive, from 27 to 35 tons ; and the tenders, 
from 10 to 11 tons empty, or from IS to 20 tons when 
filled with faol and water. Tank locomotives for 
ordinary traffic weigh from 27 to 43 tons ; and those 
specially designed for working on steep gradientl« 
fiwm 40 to 49 tont, in working order. 

The pressure of steam now commonly employed i 
locomotives is from 100 lb. to 140 lb. per square indb 
though in the days of tlio earliest modem locomotiy* 
50 lb. was considered ample pressure. 

Tie ruling dimenaionfi oi louomotivea ore t 
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the Bteam eyiinders and tlie driTing wheels. In pas- 
senger engines the cylinders are usiially 16 inches in 
diameter, and have a stroke of 24 inches ; the driving 
wheels are from 6 to 7 feet in diameter, or occasionally 
7 feet 6 inches. In one or two modem instances the 
wheels have been made 8 feet in diameter. For goods 
locomotives, on the contrary, the cylinders are gene- 
rally larger, and the wheels smaller, than those of pas- 
senger engines. For steep-graclient locomotives, the 
cylinders are frequently from 18 to 20 inches in dia- 
meter, whilst the wheels are only 4 feet in diameter. 

The area of surface in the locomotive boiler exposed 
to the action of the fire and the products of combustion 
for the evaporation of water varies from 800 to 1200 
square feet. The extraordinary compactness of the 
boiler may be appreciated if it be compared with an 
ordinary Lancashire boiler, containing 770 square feet 
of heating surface. The locomotive boiler is eom- 
prised within a horizontal space of 4 feet wide and 
15 or 16 feet long, whilst the Lancashire boiler with 
less surface is 7 feet in diameter and 28 fcot long. 
The compactness of the locomotive boiler is to be 
ascribed to the use of the email flne-tubes, which are 
only IJ or 2 inches in diameter. 

Eailway carriages are divided into three classes, to 
suit the various requirements of travellers ; some pre- 
ferring seclusion, CMe, lusury, high speed : others 
preferring society and economy, with moderate com- 
fort and moderate speed; others looking to economy 
simply. These can be easily recognized as first, 
I, and third clnes paseengeia, lesgw.'mii^ . '\Niw 
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ftret cloaa of cturingce we caehioDed «11 over; the 
second class, ])(krtia]1f, bnt in general snfScieiitlf 
padded or cnsbiouod ; the tlird clags, left bard and 
square, as thoy come from the carpenter, with ex- 
cessive means of ventilation, evincing a bmtal policy 
to drive pnBBengera to travel by the higher claeBea. 
On the Midland Bailnay, second class carriages 
are not used, bnt only the two clatisos of first and 
third. It is desirable that the different classes should 
be unifurm in external dimossions, that they may 
be carried on imdorframes of one common design 
and dimensions for all the classes ; thus promoting 
uniformity of stock, for the sake of economy in work- 
ing and repairs. The most recent dimensions of the 
bodies of carriages for main lines are, for the length 
21 foot, width from 7 feet 6 inches to 8 feet, and about 
6 foot 6 inches high, externaUy ; divided into three 
compartments for firstn^lass carriages, each 7 feet 
long, while the four compartments for second and 
third class aro 5 feet 3 inches each in length. The 
first class are seated for sit persons in each compart- 
ment, in all eighteen seats ; though, by dispensing 
with the partitions or " elbow-rests," they receive 
eight, or foni on each side, lunounting in all to 
twenty-fonr persons. The second and third claeees 
are regulated to hold five persons on each side, or ten 
in each compartment, making forty in all. Taking 
the inside width of the carriage at six inches less than 
the width outside, the allowance in width of seat is 
from 17 to 18 incbeB per passenger, which is liberal 
when compared with the minimum fised by Act (f _ 
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Parliament at 16 incheH, Bnt even the largest of these 
widths is ecarceiy BufEcient for comfortable repose. 

With regard to tlie underframes of carriages, they 
are most commonly of hard wood, necesBarily very 
Btrongly constincted, to enitble them to withstand the 
Bbocks and other strains to which they are subject. 
Heavy bufSng springs have in general been applied, 
placed within and across the frame to resist ooncns- 
sions, and also to act as drawsprings. But these are 
being diRplaced by indiarubber springs, which are 
light, compact, and strong. Of these, Spencer's india- 
rubber springs have been found to work with great 
success, being durable, strong, and elastic. Carriages 
were originally placed on four wheels; Bubsequeutly 
ax wheels were applied, but besides adding to the 
ireight, they were found to increase the resistance of 
C.the train ; and thus, ultimately, practice reverted to 
Ifbur wheels. The aslea are placed at from 10 to 
ftlS feet apart between the centres. The wheels were 
■ ibnnerly 3 feet in diameter, but they have been and 
f generally made 3 feet 6 inchea. 
The weight of railway carriages has gradually iu- 
2 from 3i tons, the weight of the early carriages, 

fixim 6i to 6 tons in present practice. 

The special carriage stock of the North London 
ilway is worthy of notice. The body of the first 
B 27 feet 1 J inches in length and 8 feet wide ; it 

1 divided into fonr compartments, and holds thirty- 
■i|wo pasBongors. The second class body is 27 feet 

£ll inches loDg, with five compartments, holding in 
L fifty passengers. Until recently, thera waa an 
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third clam. Tho carriages ran on four wbeeds, 3 feet 
G iuohca in dwmeter, and the axles «re placed at a 
diatanoe of 16 feet apart. The weight of theee car- 
riages is from 7| to S tons. 

Mr. Fonler has recently dosignad carriages for the 
New Soath Wales Railway, 35 feet 2 inches in lengtb, 
and 7 feet inches in width. The first class is divided 
into three compartments, of which the two extreme 
lines are 7 feet 1 inch long, and the middle compart- 
ment IB 21 feet long, as a saloon; it holds in all 
thirty passengers. The second class contains six com- 
{lartuents, to hold fifty passeugers, and one compart- 
ment for the guard. The nnderfmrnes are made of 
aaglo-iron, and run on four pairs of wheels 3 feet 
6 inches in diameter, of which the distance apart of 
tho extreme axles is 23 feet 6 inches, or two-thirds 
of the lengtb of tho frame. The extreme axles are 
raovafale laterally and radially, so as to radiate to the 
curves, and obviate the resistance offered by curve 
wheels on rigidly parallel axles. 

Besides the throo cIoebob of passenger carriages, 
carriage-train stock consists of composite carriages, 
luggage brake-vans, horse-boxes, and carriago-tmcks. 
To this may be added the mail carriage, or travelling 
post-office, and the mail van or tender. Sleeping car- 
riages have recently boon introduced on most of the 
northern lines, attached to the night trains between 
Glasgow, Edinburgh, and London. They are 30 feet 
in length, 7 foet 6 inches wide, and feet 10 inches 
high inside. A second-class compartment is at one 
end of the carriage, and a lug,?,a6Q ooui^artraent at the 
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other end. The intermediate space is occupied by the 
tirst-claaa compartments, each nbout 8 feet in lengtL, 
with a short lobby, supplied with toiletto conveni- 
ences. A cistern is fitted to the roof to supply water. 
By day the carriage is used as a day carriage, and it is 
easily arranged for sleeping by folding np three of the 
seats in each first-class compartment, and pulling the 
back forward, thus forming a comfortable bed, furnished 
with a pillow. 

Colonel W. D. Mann haa introduced, from Amerioa, 
Bleeping carriages, neighing 13 tons, to accommodate 
twenty-two persons. They are 40 feet long and 9 feet 
6 inches broad ; aud beds for eighteeu persons can be 
made up. The Pullman palace car has been for some 
years in vogue in the United iStates, It is a huge 
structure, CO feet long aad 10 feet wide; it weighs 
36 toos, and can carry forty-eight persons, for whom 
sleeping accommodation ia provided. Pullman car 
Twx on the Midland Bailway. 

The argmnent for uniformity of waggon stock i 
sdll stronger than that for carriages, for waggons are 
unch more numerous than carriages. One of the 
^«ate8t engineering evils inflicted in earlier times 
upon railway companies arose from the want of 
arrangement or consultation between the officers of 
different lines, in order to consider the (jaestion, 
oommou to all, as to the best plan and construction 
of vehicle to be used by them. The result was that 
several compouies built classes of stock, which were 
not suited to work conjointly the traffic of their own 
and other lines. Amongst the eaiVj <^'[i*al&i%'vn& Vt 
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the eoDcoction of tlie niilway waggon, were to be found 
tho great carriers, their agents, road contractors, 
farmers, biiilders, wheelwrights, salesmen, graziers, 
timber merchauts, EUid others whose occnpations and 
opinions gave birth to a wide diversity of practice. 

Goods-tnun stock has, however, gradnolly settled 
down into consisteacj ; it comprises covered waggons, 
open or box wagons, high-sided round-ended wflg- 
guns, ooal waggons, cattle and sheep waggons, brake- 
vans, and other special waggons for particular goods, as 
salt, coke, gunpowder, and lime. Open waggons weigh 
about 4 or 5 tons, and carry 8 or 10 tons of goods. 
Covered waggons weigh &om 4 to 5 tons, and carry 
from 6 to 8 tons, according to the hnlk of tho goods. 

The cost of a first-class carriage to hold eighteen 
passengers is about 3401., while an ordinary opoQ 
goods waggon costs SOt. 

The avenge speed of express trains, including 
pages, is from 36 to 42 miles per hoiir, while that of 
]iarliBmentary trains, stopping at all the stations, varies 
from 17 to 21 miles. The average masimum or faU 

«d on tho Great Northern Railway is 47 miles per 
hour ; hut a speed of 62 miles is occasionally attained. 
On the Great Western Hailway a speed of 65 milee 
per hour is sometimes reached. 

The ordinary average speed of goods trains, 
eluding all stopples, varies from 10 to 18 miles 
hour, the actual running speed being from 15 to 2S 
miles. The very large goods traffic of the London 
and North-Western, and Great Northern Bailways 
is moved faster where it W& to \ie. Ya^'t tiVem "A SJa» 
nassenger traffic ;. tlio loea-u ft^ee^ Wiita«&Q% 
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pages, is trora 15 to 20 miles per hour, and the actnsl 
running speed is from 30 to 35 miles pet hour. 

If an engine, weighing with its tender 32 tons, 
takes, say, forty loaded carriages, weighing, say, 200 
tons, at a speed of 20 miles per hour, on a level, the 
loads which it could take, if it exerted the same tractive 
force at highei speeds, would be less, in the following 
proportions : 
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The influence of inclines or gradients on the per- 
engine is important. Suppose the 



^^BJtame engine and tender to take a train of 56 loaded 

^^terriages, weighing 4:20 tons gross, at 20 miles per 

hour on a level, it would only draw, exerting the same 

tractive force, and at the same speed, the following 

loads on the following inclines, ascending : 
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per Ion weight of train on a lovol line at low speed. It 
increaseB rapiiily with tho speed, and at 60 milee p« 
hour it ftmonnts to abont 45 lb. per ton. 

A gooda engine is capable, when working full powM 
of esorting a tractive force from 10,000 to 12,000 Ih, 
or about & tons. 

According to the retums of the Board of Trade, ^ 
length of railwnf H in the Uoitod Kingdom, at Decemtwi 
3l8t, 1874, WMaefoUowa: 

„ Switkud 2,700 


ToUl for the United Eingdom .. 16.449 

These railways are owned by 583 companieB, poaseBS- 
ing an average length of line of 28 miles. But the 
whole property ia actually worked by 125 companies, 
to whom tho others have leased their lines, and who 
wort them with their own. Of these 125 companies, 
the following are tho niimbere for the three divisionB 
of the United Kingdom, together with the respectiva-B 
lengths of line under majuigement : fl 
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It would appenr &om this, tbnt omalgBmatioa aad 
ooncentration of mnuagement have made leas progress 
in Ireland than in England oud Scotland. The greatest 
mileage of railway belonging to one company ia that of 
the London and North-Westoro, which is 1600 miles. 
The following is a selection of the longest and shortest 
railways worked by single companies : 

Englant , 



I; 
■ 
tt the beginning of the year 1875, the capital raised 
the construction of railways in the United Kingdom 
amounted to 610 millions sterling, or about 37,000i. 
per mile constructed. 

Of the total capital raised, about 74 per cent, is in stock 
and shares, and 26 per cent, in loans and debentures. 

The following is an approximate analysis of tho 
^Terage cost of the railways as thej Btoo4 iji VilV, 



London and North- Wealem IfiOO 

Great Western 1532 

North-EoBtem 1386 

Midland IIH 

Dowlais 2 

8C0TI,AND. 

North BritUh 817 

Calmlonian 826 

City of Glaagow Uniou 4 

IRELIND. 

Great SonUiero and Wealem 465 

Midland Great Weetem 409 

BelFaat Central 4 
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Law nnd parliaiDcntar; oipciues .. £2.000 or S'l 

Lnnd and (^ompenastioD 7,000 „ 19'I 

Works of conalruction aud etatioiu 

complete 18,000 „ 50 

LocomatioD and corrjiDg stock .. 3,0UU „ 8 

Intc^reat on stock, dismunU, bonuses, 
dividendH from capital, contin- 
gencies .. C.OOO „ 17 



ToUila 



. £3G,flO0 „1( 



It IB remarkable that the actual cost of the rnilffays 
with rolling etock should bo only 58 per cent, of the 
total cost, or 21,0002. per mile ; law aad parliamentitry 
eipenBes coat 2000f. per mile. A multitude of laws 
have been placed upon the Statute book which will 
excite the wonder of future generations, the London 
and North-Weatern Eailway alone being regulated by 
more than two hundred different Acta. The expenses of 
obtaining an Act of Parliament have been exccBsive. 
The adherence to useless and exponsivo forms by par- 
liamentary committeea, in what are called the Standing 
Orders, or general regnlations for the observance of 
promoters of railway bills, and the opposition of others, 
have been among the chief causes of excessive expendi- 
ture. Mr. Stephenson used to quote an inatance show- 
ing how Parliament entailed cipense upon railway 
companies by the system complained of. The Trent 
Valley Eailway was, under other titles, originally pro- 
posed in 1836. It was, however, thrown out by the 
Standing Orders Committee in consequence of a barn, 
of tlie value of 10/., which was shown upon the general 
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plaa, though it was not exhibited upon, an enlarged 
sheet. In 1840, the line again went before Parliamont. 
It was oppoBed by the Grand Junction Railway Com- 
pany, now a part of the London and North-Westem, 
No fewer than four hundred and fifty allegations were 
made against it before the Bub-Conunittee on Standing 
Orders, which was engaged twenty-two days in con- 
sidering these objoctioaB. The Committee ultimately 
reported that four or five of the allegationa were proved, 
but they nevertheless allowed the bill to proceed. It 
was read a second time, and passed into Committee, by 
whom it was under consideration for sixty-three days, 
and ultimately Parliament was prorogued before the 
report coidd be made. It may be questioned whether 
the ultimate cost of constructing the whole line was 
very much mote than the amount expended in obtaining 
permission to make it. 

Then, as to land and compensation, the Eastern 
Counties Railway had, up to 1846, paid not less than 
809,9502. on that account, equal to about 12,000i, per 
mile. The land purchased by the London and Bir- 
mingham and Great Western Eailways cost ahova 
63002. per mile. 

But the most conspicuous example in recent times, 
which overshadows all others, of excessive expenditure 
in parliamentary litigation, as well as in laud and 
compensation, is supplied in the history of the Great 
Northern Railway Company. The preliminary expenses 
for surveys, notices to landowners, &c., commenced in 
1344, and the bill was introduced into the House of 
Commons in 1845, when it was opposed by the lAiida^ 
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and Nortti -Western, Blaetem ConntieB, and Midland 
Rulwaya. It was further opposed by two other scliemes 
Bnooeaaively, called the London and York, and the 
Direct Northern. The contest lasted eighty-two dap 
before the Honso of Commona, more than half the 
time having been consumed by opposition to the bill. 
The bill was allowed to stand over till the next year 
(1846), when it began, before the Conunitlee of the 
House of Lords, at tie point where it loft off in the 
Lower Honse in 1845, on accotint of the magnitude of 
the case. The bill wbb before the Upper House for 
three or four months, and in the same year (1846) it 
was granted. The promoters of rival projects were 
bought off, and all their expenees paid, including the 
oosta of the opposition of the neighbouring lines already 
named, before the Groat Northern bill was passed ; and 
the preliminary eipensos, comprising the whole ex- 
penditure of every kind up to the passing of the bill, 
was 590,3551., more than half a million sterling, in- 
curred at the end of two years of litigation. Sub- 
sequently to the passing of the Act, an additional sum 
of 172,722i. was expended for " law and engineering 
expenses in Parliament " to December Slst, 1857, 
which was spent almost wholly in obtaining leave 
from Parliament to make various alterations. Thus, 
it would appear, a sani total of 703,077/.— aboTo three- 
quarters of a million — was spent as parliamentary 
charges for obtaining leave to construct 245 milee 
being at the rate of 3115J. per mile. 

The payments made daring the same period, by tl 
Great Northern Eailway Company, for land and < 
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penfiation amounted to 1,901,371/., or nearly two mil- 
lions sterling, at the rate of 7760Z. per milo. The 
parliamentary, and land and compensation cbargea 
together made a sum of 2,66t,448i., or 10,875Z, per 
mile of the original line. The total payments on 
capital acconnt were 1 l,'299,300f. ; and of this amoimt 
thoae itome constitute the formidable proportion of 
23^ per cent., being nearly oae-lburth of the capital 
forestalled before groimd was broken. 

The patticulare of the Peebles Railway may dow be 
quoted, in contrast to tLose of other lines, as a perfect 
example of economical construction and legitimate ex- 
penditure. The railway, now worked by the North 
British Railway Company, ie a single line, 15^ miles 
in length, from Peebles station to tlie point of junction 
with the North British Eailway at Eskbank station, 
8 miles from Edinburgh. There was no opposition to 
the' project, aiid the landowners agreed to give tho 
land required at thirty-five years' purchase of tho 
agricultural value, the value and the severance damage 
being fixed by arbitration ; nor did the tumpiko-road 
truBteoa make any claim for damages, Tho Act was 
passed in July, 1853, and the actual cost of obtaining 
it was only G50i., no fees to counsel having been found 
necessary. The total parliamentary expenses, up to 
the obtaining of the Act, was 1569/.; but further 
erpenses were incurred in 1857, in applying for power 
to raise new capital. The charges for land and com- 
pensation amounted to 21,222/,, or to 1131/. per mile. 
Seven stations, with approaches, including Peebles 
station, averaging one for every 2J miles, were built 
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at au BTcrage coat of about 1200i. each. Tbe worts 
were uonBtructed for about 36002. per mile, and the 

locomotive and carrying stock cost about 10002. per mile. 
The railway was opened in July, 1855, two years after 
the passing of the Act. The total cofit, at the end of 
1868, amounted to 6688t per mile. 

In tho year 1874, there were conveyed on the rail- 
ways of the United Kingdom a total of 477,840,411 
passengers, in addition to whom there were 493,957 
season-ticket holders. Of that nmnber, there were of 
first, second, and third class, the following proportions : 

PcrCeol. 

FiratdHBB 3!), 271, 759 or 6-2 ^ 

SecoaJrlBSa 72.-^tl2.963 „ 13-2 ^H 

ThirdolaKj 3i>G,303,tig9 „ 76-7 ^H 

477.S40.111 „ 100-0 ^1 

Showing, in round numhers, that the first class >l^| 
only 8 per cent, of the whole number; second cIsSbH 
15 per cent. ; and third class, 77 per cent. If these 
proportions be compared with those of the year 1657, 
fourteen years earlier, it is clearly apparent that both 
first and second class passengers are now much 1 
numerous, and tho third class more so than at t 
time, thus : 
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The number of miles run by paeseuger trainB, i 
1874, were m follows : 
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81.408,225 
9,897,601 
8.4*4,127 


7,005 
3*970 


1 Tola,! .. .. 


96,749,953 


5,880 



Thifl sbowB a total mile^e by passeiiger trains o^ 
SBy, 97 millions of miloB, in 1874 ; being nearly 6000 
per mile of railway for the year, representing seven- 
teen trains on an avorago pasaing over each mile daily. 

The receipts for passenger traffic in 1871 were as 
follows : 






First class 4,499,351 

BeoondelaHB 4,099,181 

Third olasa 12,346,605 

Seastm tickets 1,069,181 

Excess fares 2,904 

EiceM luggage, parcels, oar- 

riagee, horsee, dogs, 4c. ., 2,220,200 

Mails 656,193 



£24,8 



1,615 



The average fore paid by each passenger was 10-5 
pence. In 1870 it was rather more than a shilling ; 
and the smaller average fare in 1874 points to the 
greatei- use of third-class carriages. In 1857, thirteen 
years earlier, the receipts per passenger averaged 
eighteen pence. 

In 1874 apwarda of 110 million tons of mineiaU, 
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and 78 million tons of general mercliandise, were 
conveyed on the railways of the United Eingdoni) 
in transporting which the goods trains ran 100 mil- 
lions of miles, for which 32 millions sterling were 
received. 

The total number of miles ran by passenger trains 
and goods trains was as follows : 

MileB. 

Passenger trains 96,749,953 

Goods trains 100,025,939 

Mixed trains 3,708,371 

200,484,263 

Here there is a remarkable nearness to equality 
between the miles run by passenger trains and by 
goods trains, each about 100 millions of miles. 

The average total receipts were about 5«. lid. per 
mile run by trains. 

The expenses were nearly 33 millions sterling, and 
the net receipts amounted to more than 26^ millions 
for payment of interest on preference shares and loans, 
and dividends on ordinary share capital. The expenses 
amount to 55 per cent, of the gross receipts. 

The working expenses, expressed in pence per mile 
run by trains, are as follows : 

Pence. 

Maintenance of way 6*55 

Locomotive powers 8*99 

Maintenance of carriages and 

waggons 2*54 

Traffic department 9*04 

General charges .. 1*17 

Total direct expenses 28*30 
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I Brought forward 2S " 30 
f Contingent expenses: Veam. 
Bates and taxes I'lS 
Goveramont duty -60 
Compensation -60 
Lpgol and pari inmenlar; ., '31 
Sleaniboat, &o. fiG 
Miacellaueoas 57 
Total contingent expenses . . . . 4 ' 20 

Total working expenditure per 
traiD-miJe mn 32'SO 
Showing that the direct expenses, or Encb as are is- 
rred in the actual management and working of the 
ifSc, amonnt to 2«. ijd. per mile xaa by trains ; ami 
that the contingent cxpenees amount to 4^d. per mile. 
The total expenses of all kinds amount to, say, 2s. 8Jrf. 
per mile run by trains. 

Of the railways in all parts of the world there were, 
in 1873-7i, a total of 168,140 miles in operation. 

Accidents Lappen on railways every year, attended 
with loss of life or bodily injury, and it is a matter of 
the atmost moment to investigatD the causes of these, to 
reduce their number and violence to a minimtim, and, 
if possible, to eliminate them from railway experience. 
That they can be altogether avoided, no one will main- 
tain, so long as humanity is weak and liable to error ; 
but those who are best qualified to judge do not hesitatt 
to af&rm that their number may be greatly diminished. 
Ifr. F. J. Bramwell, an excellent authority, gives the 
following analysis of accidents on British railways in 
1870-73, showing the percentage of each kind : 
■el 
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CoIliHtans of TBiiniu kindi 58 ' T 

TtaiiiB turned on to wrong lines, " oi spUt " 12-0 

Leaving the raiU .. .. 9'2 

Sefecta in the railing stock 92 

On indinea 4'6 

Entering Htationa at loo high a speed .. I'S 

UiaoeUaneoua 4-5 

100-0 

Dontbs of paBseQgera from muKa bejond 
their own cootrol S5'5 

Journey, etoluaive of aeasou-tioket 
boldars 307,478,249 j 

FerlJeUh. 1 
JoumejB 11,000,000 1 

Tlie com))aratiTQly email nombor of lives that s 
lost on the railways, in the midst of this enonnons 
traffic, ia a fact that says a great deal for the good 
inanagemont of tlie linos, and proves that, upon the 
whole, there is no kind of vehicle safer than the rail- 
way carriage. As to the origin of the accidents, 
the chief causes ate want of care, or mistakeB of 
of&cers or servants, alone or in comhination with de- 
fective signal and switch arrangements, and want of 
telegraphic communication, or of a system of securing 
intervals between trains. In addition to thcBe causes, 
there are imperfect regulations, defective discipline, 
foggy weather, defective accommodation for traffic, 
defective construction, and insufScient brahe power. 

The Board of Trade's Inspectors of Eailways 
strongly advocate the adoption by all railways of the 
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principle of aecnring intervals of apace between all 
trains iiiBtend of intervals of time, in order to the 
avoiJanoe of accidents. This may be effected by 
means of the telegraph, worked not only at the rail- 
way stations but also at intermediate signal stations^ 
a system which has been introduced on several lines. 
On the aoothom portion of the London and North- 
western Railway, a signal apparatus is stationed at 
every 2^ miles, and every train as it comes upon 
a fresh length of 2^ miles is telegraphed forward 
to the next station of the series; and when it leaves 
that length its passage forward is telegraphed bock to 
the station behind. By this means they have the power 
of preventing trains from being within 2J miles of each 
other, be their speed or irregularity what it may. Such 
a system as this (called the "block system" of work- 
ing) conduces very materially to tho safety of a line, 
and inspires great confidence into the men whose duty 
it is to work tho traffic. Indeed, the metropolitan lines, 
and other lines of crowded traffic, conld not be worked 
safely for a day withont snch a system. During fog, 
the telegraph apparatus is of inestimable utility in con- 
jnnetioa with the use of fog signals, which we fixed to 
the rails, and discharged with a loud report by the 
engine in passing ovor them. During fog, however, it 
is advisable that the speed of tho trains should be re- 
duced, as tho danger is then so much greater. As a 
farther means of avoiding accidents, the interlocking 
of signals and points, already described, has been of 
essential service. In the present condition of railways, 
with junctions of great and conEtaiA t'caS&c.,«Qi.'wwQ'»- 
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uimtiniiaUy oroHsing eaeb other in all directions, 1 
sigualmen ooiUd not in some oases work sufely for % 
single hour witbout the protection of such apparatne;* 
while thoy are enabled by its aid to go on workiog 
from year to year without accident in the most difficult 
situations, as, for instance, at the Charing Cross and 
Cannon Street stations of the Soutb-Eastem Bailway. 
Perfect brakes are alao indisputably promotiTe of 
safety in working traffic and in compensation for n 
avoidable irregnlarities. With the usual amount I 
braking power, a train at 50 miles per hour may n 
be stopped within 900 yards or 1200 yards, 
stantaneous brake is not, of courso, what is wanted; 
on the contrary, a length of 200 yards appears to be the 
sbortest desirable space within which a train at 50 milea^ 
or 60 miles per hour should be stopped so that the p 
cesa of retardation should not be aucompanied by ti 
risk of carriages overriding each other, or of violence & 
the passengers; aud this has been accomplished by m 
of several systems of brake iu which the braking action 
IB applied to eaeh carriage. Steam brakes applied to 
the locomotiveG, and extended to the tenders, and e 
to the brake-vans, have been found beneficial, i 
capable of stopping a train within half the usuii 
distance. 

The general adoption of a simple method of u 
municntion between the guard and the driver of a t 
in raotion is a desideratum. There are various pla: 
obvious and sufficient enough, but it would appear that, 
to ensure their adoption by all railway companies, 
/('^isJfltive interference must be invoked. _ 
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We have seen tLat tramways were construoted at least 
two bimdred years ago, in the north of England, for 
carrying coal and iron from the mines to tho coast. 
Superseded by railways, they wero cast into the shade 
and lost sight of, but now there is a reaction in their 
favour, though a form of tramway very different and 
very superior to tho old system is employed. The 
modern tramway is, in fact, a corapromiso between 
streets and railways, and is in reality a street railway. 

The first tramway, or torse-railway, for the con- 
veyance of passengers, is believed to be that whicli was 
opened in 1821, between tho towns of Gloucester and 
Cheltenham. The modern tramway, consisting of iron 
rails, on which veliiclea with flanged wheels are run, 
originated in America, where it appears to have been 
introduced in New York, and laid down by M. Loubat, 
a French engineer, on a system of his own, obont 
1850, after which tramways wore generally adopted in 
the States. In 1853-54, M. Lonbat loid down a piece 
of tramway in Paris, from the Place de la Concorde to 
Pasay, probably the first piece of horee-railway in 
Eurojje. In 1857, Mr. Train made proposals for 
la3^ng down tramways in some of tho metropolitan 
thoroughfares, and in some of the provincial towns of 

igland. Tho first tramway in "fin^ui oa'^-c'^-ms^* 
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I America, was laid donn in Bir- 
■B ofeatA id Angdst, I860. A section 
of tnmvmj «■ tfce ame ^stem was laid down on tlie 
BajrBwatar Boad, is 1861, between the Marble Arch 
aad Nottbig-htU Gate. Hia mode of oonBtraction was 
kMwB as the Floladelidua B;stem. The rail wns a 
broad dab of wron^t imn, having a raised tread 
nUed m tbe onta edge, on whicli the wheels of the 
can ran, wbilat tlte Bat portions, »t a lowet level, were 
to be isB wfoa by oo'diiiary Tehiclcs. It was found, 
hcweTCT , in Zjondcu, as in Philkdelphia, that the dif- 
faw ne of lerels was eo great an inconfenience to 
enwR or oblique traffic, that the rails were taken up 
after a abort trial. The &ilnte of Train's line acted as 
ft deinper to tramway enterprise, and it was only in 
1870 and 1871 that tramwaje were permanently 
ad^ted and constmcted in London. There are np- 
waids of 43 miles of tramway opened for traffic in 
tbe mebvpolis ; and tramways are now in operation in 
Biimingbam, Lirerpool, Leeds. Edinborgh, Glasgow, 
Dandee, Plymouth, Devonport, Cardiff Dnblin, and 
BdJasL Tbey are also in operation in most of 
laige dticB in the United States and of Canada, 
also in St. PeterBlmrgb, Vienna, Bmseels, Copenha^ 
I^ris, Lisbon, and Baenos Ayres. 

The system of constmction of tramways is very 
simple : a fonndation of concrete is laid in the ground, 
upon which is bedded the wooden Eloepera, which run 
longitudinally, for carrying the rails. The rails are 
of WTonght iron, and weigh generally abont 60 lb. per 
raid. They are cMefolls fitted and seenrod by spil 
to &e sleepers, and we fctmeiWiftiVA^p.to —^ 
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the sleeper at botJi aides. The upper surface of the rail 
is flat, aud, when in place, it is fiush with the ordinary 
surface of the roadway, so as to avoid causing any 
obstruction to the free passage of ordinary wheel traffic 
over the line, A grooTO ie rolled in the nppor Burface 
of the rail, to receive the flanges of the wheels of tLe 
cars, by which they are kept in the track. 

The cars are of a plain rectangular form, having an 
estreme length of about 25 feet ; of this length, the 
body of the ear occupies 16 feet, and it is 7 feet 
4 inches in width. Two platforms are provided, one 
at each end, for the entrance and egress of pasBengere. 
The ears hold twenty persona inside and twenty-two on 
the roof, to which aocesB is provided by light wrought- 
iron flights of steps. The wheels are 2 feet 6 inches 
in diameter, in two pairs, placed about 6 feet apart 
between the centres of the axles. The weight of on 
empty car is from 2 tons 4 cwt. to 2 tons 10 cwt. ; and, 
loaded, 5 tons. It is drawn by two horses. 

The tramways are very successful as financial con- 
cerns. Tho London and the Dublin tramways pay 
10 per cent, on their capital. With pitched paving 
between the rails and extended in width to 18 inches 
on each side of the line, the London tramways cost 
from 4000/, to 6000Z, per mile of single line, accord- 
ing to the price of materials ; or from 8000/. to 12,000^. 
per mile of donble line. For the supply of carriages 
or " cars," the cost is 1200/. per mile ; and for horses, 
allowing ten horses per car, 1000/. per mile. Thus 
the total cost per mile of double line has been from 
10,000/. to 14,000/. 

Tie eomiiigs on lines in full openiwn aaawKoS. ^"^ 
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from lOOL to 1402. per mile x>er week ; and per pas- 
senger to from 2J. to 2^c2. 

Horse power for traction will no doubt be ultimately 
superseded by steam power, in the working out and 
application of which there is scope for nice design and 
adaptation. A practically successful steam-car has yet 
to be designed. In Mr. Grantham's steam-car there are 
two small upright boilers, which are closeted between 
the passengers, one on each side of the car, for supply- 
ing steam to work a pair of small engines under the 
floor. A car propelled by compressed air has recently 
(January, 1876) been started on the Paris tramways. 
A supply of compressed air of twenty-five or thirty 
atmospheres of pressure is carried in a number of 
sheet-iron cylindrical reservoirs beneath the floor, 
from which air is taken to drive the car by means 
of cylinders and gearing similar to those of a locomo- 
tive. The car runs without noise. 

The cost above cited of the construction and equip- 
ment — so unassuming and imobtrusive — appears unex- 
pectedly high. The earnings are, however, high also. 
The average earnings on the railways of the United 
Kingdom do not exceed 88Z. per mile per week. The 
earnings of the London and North- Western Eailway 
are 1062. per mile per week, which is less than the 
lowest recorded earnings in the latest published ac- 
counts of the London tramways. The Dublin tramways 
earned, in the last half-year of 1872, lOOZ. per mile 
per week. 
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tbHi llilrly-Oiire ycaia Prjodpia Wriliog Marter and Teaeber ol Ooob-liaepiiig 

Hnrni WiLUu Uxsli. F.LA. Demy a<o, dotb. K. Sd. 



il PhenumoDa. bllbrito unEolvi>d prubtei 

■A FIRST AlilEBHA for U«e In Jnnloi 
.DIB, M.A.. Senl'T UarbeuaUcml Mailer c 
iilta EdiUoD, nvlud and eniaiged. Fcap. 



MILLBTT.— An Al'STRALlAN PAESONAOEj w, the SnTLER aiul th 
SAVAQK in WESTERN AUSTItALEA. With ■■ ■ • - ■■ 

Edwabd Uillbti. Second Editi^D, Large pott at 



Republics of Uniguay and Pan^uay. By LI. O, and E. T. Huliuli., 1*10- 
Flam. Crown fvo, doth. Bi. 

Edirard Stanfoii, 55, Ctvaxme Ciqbs, Londoa. 



ITOBLl!.— DESCRIPTIVE HANRBOOK OF THE C. 
dliiun aad Reaunrcca. By Johs Nnsia Cltrt of the : 
orGoodHope. With Usp mttd lUusInlicms. Crawu . 

PAI.HBB.— The OHUNANCE SDKVET of 

ModeofEiraiiioii, metury.siut Present Ooudl Hon, ByCupl^o H. S.PiiJli«, 
K.K. Five Cutoured Indei Uapa. Detn)' Svo, cluth. 2i. 6d. 

EHILPOT.— OUIDK BOOK lo the CANADIAN DOMINION: ConUlnion 
t\M IdfurauMon for Iha Kmlgrsnl. the Toorisl, Ibe Spurienian, and tint amiU 
CpitnliiL Rj H*Rrire J. Puilwt, SLD. (Canjula), M E..C.S.L., fed With ■ 
Piflicr b; Tuouia Hd>-.hes. £mi„ M.P,.iiDd Map, Sniiei-rojuJ llovi.U. 

POOK RELIEF IN DIFFEBSNT FABTB OF XlUaOFB: 



aiKSAT.— PR VSIC A 1, GEOLOGY an 

By A. C. IUms*!, LL.D., F,K,8., Sc, DlrHtor-Ueneral ui ine uc<iiqguai 

niyrtralrf »Ilh Nui.iTODe'?toTioKs''uid a GBOLaJlcAL MAPol GREAT 
BHITA IN, printed In CalDHTB. PoEt avo, rialli Ii. 6ii. 
EOBSON.— CONSTRDCTIVE LATIN EXEKClSES.lorTenchlOff Ilia ntmenU 

LesMDS and copiona Vdcatalarie». By Johh Kobsob, B.A, Lund., Spereurjr at 
Uplienlly CoIIrge, Idodoii. Iillghth EdtUon. iztuo. dulb, 4e. Gd. 

FIRST GREEK BOOK. Contilclng BiendKB and Beading Lessona on the 

iDDeilotlB of SubeUmlivel and AdjerUFfB, Vtab DOplouB VombnUrleB. Bj 
Joan Boseair, B.A. I^nd. Third bJUUan. iZmo, clutti. 3t. Gd. 

BTI8SBLI..— BIARRITZ and lie BASgUE COUNCRlEa By Coum Hrnimr 
RmfllLL, Mefdher of the GeagnphLcalaDdGetd'^giEalSoclelEeHDf Franc^iOf tho 
Alpine Clnb, and Siicl«l« Kimund, AnLhot of 'Pau and the Pyreneeg,' ftc 

SCHOOL-BOTS' LFTTSBS for COFYTSa and DICTA- 
TION: bHng a t^rios of LItliogisphed LetHn on Subji'cia intrrp^tltig (d 
SdiDol-Boys, with Reniarka on the Eaaentlila of Good Writing *t Third 
EdiMoo. Large poet Svo. clolh, it. ed. 

I^TS.— THE BANKS of ISSUE qUHlSTION, Memorlst addressed to tfa* 
Govmiar and fioutt of Dlrecloni of tbe Biq^ of EuglaBd. Bj Kkskst Smi, 

I Shibp. F3.A,. F.G,B, 

SniiUVAIT.— THE PRINCES OF INDIA. An Hiatnrii:Bl Namtln of the 
princiiul avenU Irom tne liivaibii at Uabmaud o! Gblml to Ibat o( Nadir 
Ebib. By Sir Edw.iui SnLuviii, Bart., Auihur of 'L^tt^raon India,' -Trip to 
^e Trenches.' ■ Ksmbiet in North and Sonlh Amertt^' be. Second Edition. 
Crown Byo, cloth, vllh Mip, Si, Sd. 

SHEBRY.— FIIOM VINEYAKD to DECANTER. A B-oli about Sheny, 
Bj DOH Pfj>ho VlBUiO. with • Map of the Jerel Dlblticl. 6th TUou- 



Edwu;d Stanford, 56, Cliariiig Crau, I.q&^^ 



Tl 



^ibrarj ar ®IalI Slaps. 

EOBOPE.— '^^Is. to ulla la m imb i lifr. W tiid« t^ M. 
ENOUUn> »na WALBB.— «™fe. B Blla loio fciA ; •(» t 

LOHSOS' and Its SUBUBBS.-Od th? ink of «Ii iwl 

III.; is,l<iuml.tniip<>rU>illi>..1li.bl.: lo.witol on lii>Ri,lDiiiannBaK,ar« 
nilli-r, Ttmlihnl, % lU-l on liJIlU foUer. U. U. Single ItlHia. pluD. I1.J 
Bilouml. «, M. A K*j M»p iLti & lud 00 »--■' — ' 



80OTI.Ain).-&»t. n« iril« 

•(iruigmUoT.W. Si- 


(o ui incb: •! 

ceo cue, 31.31. 


H.. SI bum by TS. COtamd, 


ll. 111. Si; raoodlfd onlln.^ 


u Indi; Bl> 
, Is murooB 
61.61. 


D. as bidHs br ei. (XiDirFd, 

™, 31. la. si; or. oolSS; 


AfllA.-^!*. 110 ""'^^;^_^ 


«, 31. 131. U. ; 


IndiH t? S8. Cbhimd mid 
ODmlK«nilitK<i.3i,iqrtng 


APBI0A.-S™K e» mllM to • 


Inrbi (Ik. « 
«,3;. 131.M.; 


UKb« b7 U. 0.l™r»d Dd 


KOaTH AB!rBBIOA.-s™i 
GuLour^ ud muuDKd -^n lln 
vnnilibMl. 31. : iprtng rollfr, W, 


S3 tuDmIo 


■i'k"f».ni",'*sK 


OANADA.— LARUE MAP of CANADA, Id 


ludba Nfw Brannridt. No™ 
t IhB nmial SUlet. Br Jcm 
die, SG bKb» b7 St. Bgtit 


nillri W) HI indi ; ilie, ii im-hcs bj- 66. C^i^umi .uil inirantHl on lioeo, Id 
DHirumciM.a!. I3(. U; cm rollT, tiin]lEli»l,3l.; spriug roller. U. 


■°?i5iSS".Sf;SS 


B3 alltl to u Incb; bIu. SG Incha by «E. 
nionKco UBC, 31. 13i. M : on taller, rsinubcd. 


AUBTRALASIA,-S=il». 84 


mUes lo in 


nob; slie. U India by M. 



Edward Stanford, 55, C^uouiig t^nu, I^oia^Q. 



A 



1^ GBNBEiL MAPa. 7 ^H 



MAP or CEBTKAIj EtTEOPE; 
StMiane. Tbo prlndpsl nwdi. ttw 



SPAIN and f OBTUOAl.. By J. Abkowshith. SoIp, 30 mJla lo i 
f neb ; qtir, 2S Lnch« by 21, Sheet, culonred. Si. ; nuiUDiFd to cuse, I>i, 

TVBKEIT in BTTBOPE, Including Urn Arcb^pelagD, Oreece. the lonlii 
Islaniii, >nd Iha Soolh put of UaLmatia. By J. AEaowaMITH. Smls, *0 mile 



BATLWAy ASALGAUATION.— A RAILWAY MAP of ENGLAND 
■nd WALES, prcimied by R. Pukb Wiij,Lii!a. Eeq., M, Inst C.E., Bbowing 
llH: DiAtrlcu ntrvca by pach Railway Syd«m, and hII tbe RftUvvayfi opmed Aud 



ENQIiANC and WALES.— ST ANFORD'a POUTABLE MAP uf ENG- 
LANU and KALI'S. WitblheRaLlwgye YsijdwlydDUnpiutl; theaUa 
iuhI I'owna dlsUngnisbed IccutdlDg lu Ibeir FopulaUun, kc Sade, IS Blilea lo 
mn incb ; i\it, -ill imbea by 31. Oiloorcd and mouated on lluen, lu cuo, u. i 

LljXidi G] 

¥eyi OE ijnu Driiarn jmd IcvLmd. tKnie, i~j muei u an mm i mze, 3b inc. 
Sj 12. [Siw ilduiM, pnpari 

WAIpBS.— NORTH and SOUTH WALiB. Re-Issue of WaUtert Ua 

I»Cket.S>. a " J . .■"=" "CMM 

SCOTLAND, In OOTTNTIBS. With tbe Eoida, Riven, Ik. By 
ZBI1I.AND, In OOOHTIES and SABOSflBS, on Ibn baula of ' 

IBBX.ANXI, in COTTirTIBS. With the Raida, Biveis. ftc Br 

Edward Stanford, 56, Chaxiog ^Ttnit, Ijsi&is^ 



I 



8KLK0TKD UBT. 



-. I.ONDON and Ha 

^UPURBS. ulmdliin frodi HuDpiInd Id thF Crjisbil Pilan'. mt from Ha- 

Roidi. Foutpilbs, kc. On Ihur Urff ctawu. Cohmird. III. ; mtmnUd en nma, 

OOLZ.INS' BTANDABO HAP of LONSOR '■ aibnlnlil]- ndapM 
for vliitnrs Ui (bo C1l». Scmlc, 4 Inch™ to » idIIq; slip. 34t Inrha by M. 
PilK. pliin.lnissr. Ij.; mloiiRd, U. td.; nmunwd dd Urn), ditto, 3K U.; 

BSITISH METEOPOLia and STJBTTRBa .-STANFORD'S HEW 

MAP ot thr BRITISH MEmOPULIS and BUBgRHS. ticahi, 3 Inbes lo • 
milei iIk. ao inchi>»byM. Hrke, plain. In mw, ii.M.! cdoured, w. •& ; 
monntral on [Inon, dlun, u. «i(. i on nller, nralibFd. If. M. 
a.-BAVl[ 

In Bbeet) Sir 6^; coUioTvl. -- , — ..,.,_., . 

-nithn]. lOi, S>I. Willi cunllniuitlao lontliwiril bcTond the Ojtul Palm 



n Propn,,! MmnpiHilllan Hallwajg. Twni.airi, and M 
nenu for the Sefslun lais, PHoe, In th«t, U.; nvH 

ot ibB (dlUoni for ilwTO" 



BAILWAY MAP of LOKDON and ENTIKONB.— ar . __._ 

SPKOIAI. MAP or Ihp RAILWAYS, RAILWAY tiTATIDNS, TEAM- 
WAVa, POSrAL DiaiRllTTS, and BUn-DlSTRlCTS. in WfiltOtt and lis 
KNVIRONS, Soap, 1 Inch 10 I mile: siM. «i incliesb/Zc. Prta, uloand 

LOin)OK and Ito ESnfiOHS.-tiAVTEffS MAP of lONDOH and 

Il> ENVIROSS. Bulc, 3 InchcB U a milE; Biu. 39 IncbcD t>7 29. PtKh, 



LONDON ana its ENnaONS.— STASFORira MAP of LONDOH m 
Ha ENVlliOSS, Bbowing tbaBoimdarj ot the Jurisdloilon <"■' "- 



- STANTORIra NEW MAP of 0» 



BNVIBONS of LONDON. — DAVIES'S MAP of the ENVIRONB of 
LONDON. Bailc.lineliloamllc! Bi!i",431ncbesbj32. PrfcB.Bbml.plaiii,4I.i 

Edward Stanford, 55, (niaxvog Cioss, London. 



GBHXBAL HAF8, 



QEIfSBAL MAP OB' ABIA.- 



ASXA. MINOR, &c. (rCTEKEY [n ASIA). With portion 
Gwplan Sea, aid Iha CsuMslan Mountalna. By J. AuHOWt 



INDIA.— STANFORD'S NEW PORTABLE MAP qf ISOIA. EihibiliE* Uw 
Presenl lHvlslons dF tbe Counu? accurdlng lo Ihe mutt Recenl SutveJI. Scale, 
SEmiLealDaDtnch; siie, 2B tacbw b; 33. Coloured, b. j msTmied ^nllncc, la 

IKDIA.— MAP or INDIA. Br J. AsBoiFsiiiTn. Soilt. »D nillia to an iuch; 
■Uc, 33 lucl]e3 by M. Stiwt. colonred. Si. ; mounlfd Id cas?, Gl. 

OBYLOW.— MAP of CEYLON. Conalructcd from a HuBc of TriangolBllooB and 

lole Di^piity-ljuarUnouwr-OeaFml. RecooBimcKd by Jonn Aheowshith! 



M pHltiDH oT till 



BU^MAH, Am^ — A Uap lowing the vnrloGd Routei propow^ for conDpetiQ^ 

OclLvc Hit. K.R.U.S. '^c a3 mllea lo ui Locbi alu, IT^ioohu by 33. 
Coloortd, '^-i mouDted. InoiBe. bj, 
BTTSHAH and ADJACBNT COUNTBTES. ~ CmopUed fram 

CHINA.— MAPufCHIKA. By J. AEKOwnnra. ScBk, 10 idU» to u Indi ; 

CHINA and JAPAN.— STANFORD'S MAP of (be EMPIP.BS of CHINA 
andJAPAS. wttb tbeAdJawnt P&rtsol BrItUb India. Asistic Koula. BDimali, 
Ac. &^le, llomilKi to an luch^ al£^, 38 Ihch'-e by 24, Cae HheeL. foU coloond, 



£dward Stanford^ 66, Ctuuing CictiB&, "Ln^im. 



10 8BLKCTED LIBT. 

aBNSSAI.lCAP of AFBIOA.— R)-I-Aw(DH9irmi. Scmlc, ago mile 

EOTTT.— MAP <i( BGTPT. OonpFlnl fmn Mc mHt uubBittc nuMritli, in 

ll.i..U,l)„ F.llfl. Scita. 10 mlt™ loin IniUi; ii»,a« inch™ by 61 Tw 



3*. Sta«!l.0Dlaiir«l.3>.i rnoDQl 

AFRICA (NOBTH.WBaT).-MAP tl NORTH-WEST AFRICA, in 

WiUrm iHTU or Kiupl ■ii'l DBtfiir.on the Eul. By J. AmioKaumi. Scili 
ISO niUia Uanlncli) sIk. 3e iuchabjU. Sbcct, ooloaml, 3).; mumita], li 



AFBIOA (SOTTTH-KASTEBN). — UAP of SODTH-EA STERN 
AKRCCA, OcnnpilHl hj Hknki HiU- S»l& as mll« to an intli; sl». M 

.__ .f AFRICA. 

kJ tlw Urftleh puiHsdoiD al Slnrs L<-r«ie. un Ibe Ouabli. 






for-Conornl, Rtalp. 4 



NUSIA and AB YSSIKIA, i 



Edward Stanford, 55, Cliariiig Cross, London. 



OENBRAL UAFB, 



nSH COLUMBIA.— NEW MAP ol BRITISH COLUMBIi.U 
th Punillti Norlb LaL' ...._... . -, . 

tbe Inler-Ocranic Rsllw* 



tstti Punillti Norlb Lailtuc . .- . . 



BAKADA.— MAP of UPPER nod LOWER CANADA. Mew Bninawlcfc. No™ 
Stolla. Prince KdwanJ's Jaland. Capo Breliin leimi, NewfonniJIanrt, soil i targa 
portion of lis United Stilci. By J. Abhokbmiih. Scale, 36 miles lo an liicEi 



and COUNTY MAP of Iha UNITlill STAl'liSanii T Kit RITORIKS, together 
with Uamda, New Bruoswick, fee Scale bH tuUes to in incb ; Kite, e; lacita 

VHTIEp aTATBa.-^TASFOB[>a HANDY MAP of the UNITED 



SBBMITDAS.— UA? of the BERMUDAS. PnWn 
ii^io-lletu? MBjor-General J. H. LEEBor. C B^ B.A., Gi 
lD-01ilefufib>^BenQDdas. Scale. 2j mlLa to an incli 



lAKAIOA.— A NEW MAP of the ISLANTI OP JAMAICA. Prepared by 
THOiiia HiRBiscpB, Oovemmcnt Siirvejor, Kingsiun, Jsmalca, under the dtrec- 

BASBASOES.— Ti^mgriphicnl Map, baaed npon Majo's OriglDil Snrwr In 
Scale. 2 nillet lo an toch; clie, ID inches ^£0. Two shocu. ouluured. 21i. i 



I 



I 



Edvard Stanford, 66, Chaiiiv^ Cuov&^'Vni&K^ 



tMlMOTtD Lin. 



AUBTRAIiIA.— Frsoi Sntwyi ibkIs ly ontor «( Ibe Br 



n. Fwjdnrl, *c. BfJ. Aum- 



EASTSBN AnffTKAUA.— ClUHlnHUd bmi Offlriil ud other origind 
Ddcurncnu. (dJoitH tQ ulK lUrtllnie Surrej of Flindcn. Sistg, WIckEun, 
SLokH, Rlukword SiiDler. Ik. Bt 1. AKnovsumi. Scair, 11 mllM la u 
iDcb j ttir, cs incliM bx II. [.Vew Biitiim,prifia^. 

WBBTEBN Atr8TBAI.IA— Wllh Plim of Penh. FmnuiUe, mil QnDd- 

rirni- l<Voiii tbeSqr*«jBof JuhiiSeptiiDa9R'w»KBq.,@qrv^Dr-GcDenL,Kadrrani 

5Hirii- ^alf, 16 miles toan lEuh; Blse,40 tDcbcflbj 3a. Two obeeLfl. cgloar^ 

SOUTH AUSTKAIiIA~^<boiilng thtDirltian hiMCoDntiea arilieKttlail 
jKirtlcine of the I'TQTlndp, With SHiuIEdh of Uliwa of Copper and Lud. EVom 



flUEENSLAHD.— STANPOHiys NKW MAP of the PBOVINCE of 
UCIKKNSLANL) (Xorth-liUgtem AnatnUt) : CompllHl from the tneel nli- 
nl>li.- AulliorlUn Sole, M milm to ui locfa ; die, ia loclieg by 13, In atiHli, 



KZW ZBALAHD.— STANFORD'S MAP of HEW ZEALANT>: Compiled 

It. FuU-ouluured, Ui ei 
KBW ZEALAND.- 



FuU-ouluured, in ehect, ii. ; iDoiilited on lioeD. In ciBe, 3i 



TABXAHIA {Van Dleroen's Lanil).— From MS. SiirxTs hi Ue 
CulijnuailtHoF. tiidlDlbeVui Dkoieo'B LaadCompmy'BOIBce. BjrJ.Auow- 
iDHT*. SeiiK ID} mUeaUmn Inch; ilH, ai luchHi bf 3«. Sbeet, coloured, 31. ; 



Sdwui Btanfoid, 55, Charin:g Cross, London. 



SCHOOL uApa. 



Stfe^ool iJaps. 



STAKFOBJ)'S NEW SERIES OF SCHOOL UAFS. 



bam, Oldlum, Path. StMCbaroa^ 



ifn^bam. livfrpool, 

f^— *rt)ot7, Dertiy, 

rjne, NotUng- 



d, Leeds, Bhgbtan. Grlsiol. BradlOrd, Cacurboir, DetbT, 



BasteTn HemiBphers. I England. I ACrlca. 

Weotem HemiBpliers. Asia. Nortli America. 

Enropa. Holy Land. South Amarloa. 

Alio,^M a Inches hj 34, Mch 3(. 
Saotland. I Ireland. 1 Australia. | New Zealand. 
Old Testament. | New Testament. | Acts and Epistles. 
The Britiah Isles. Siz* is facbcs by BO. jilce t2t. 
Tlie World In HemiBplieres. Siie lOilncbtsby «o,prl«iei. 
TblB New Series or Lame Sdiml Maps has been dnwn HDd engraved witb (ha 



STANFOED'S SSTALLEB SEBIES OF SCHOOL UAFS. 



1i. BJ. ; size, 17 iDchffl b; a3. 
Old Testament. | New Tsatam.ant. | Acts and Bpiotlee. 
UMpfl dT Scutb AiDerlCd, AufiLnUa. Kid New Zenlofiil uq prepulDg, sod will 



L 



Edwftrd Stanford, 65, Ctuxiug Gxou, "Lst^^sso.. 
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1 


U BBLKOTED LIUT. 


IKrHIor^Oliimil otUie Ocol,«iiaiL Surrey, ofllw UiilWd Kingdom. 




mie British Isles, st^'. "i) ■"ii™ lo «. locii »1k. m locba bj sb, 
Sttrland and Wales, a^. a nila to u IkJi; ,1«, so inches bj bk. 
BOTOpe. So.l(,ainiuMto4ni«lii.tK.S9inchHb,Sij,momit«lonrolta* 




Bootland. ScaUn. b mtlea u ui incb ; ilu. M IdcIhs br U- ^^H 
Ireland. Si-mIc, a uilu to an Incta i Hie. m lucbm h; 43. ^^H 
America, north. Sc»le.>1 mllu lo in Inrh; al», so [ncbw byss. ^H 
Amertoa, South, aali, ITmllsinm tndii 6l«. Solnduai bj ib. 




VAUTY'S HDUCATIONAl. SERIES of CHEAP WALL 

MAPS, lor cluiw iMcbiiiK. cuimlructfd by Akbowbhitb, Wai.kbb,Ac Mbw 
■Dd nvl»d MimniH. a>l<>uml. mouiilfd. ukI vunuhuj. 

The World (.Memlur). Slie. 5o liKbut by 33. M« lot ^J 
The British Islns. SUe.annchca bv ll. rrlceim. ^H 




Al«i Ibe iolion-lnB, e.«;L Bi., •!«, M Inches by VU :- WM 

Asia. Eng-laml. the OhildMft of 
Afiioa. Scotland. IsraeL 
Amttrioa. belaud. S-Faal'sToyases 




VABTTS LABGB OUTLINB KAPS. Price, in plain aheel. li,; 
The World ifflobulB-), 2 («el a tndwa by « feel 3 incbcB. Prioe, [n p^ain 




The World (M*r«ito,), si Inches by 16 in. 

And the f<illp™init. pliln shei^l. li. 3<(. ; colooTed, n. M, ; moirated on rollers, if, 
■die, a ff et 10 Inches by a ffti a biclii'S. 




Europe. 1 America. 1 Ireland. 

Asia. England. Palestine (0. Teat.). 

AlHoa. 1 Scotland. 1 Palestine [H. Teat.). 




STANFORD'S OTTTLIHE MAPS. Slu, ir inohM by 14. pMniel od 
U«fulKjiiiiv-lEdgeSodelj'. MivienndAUuBH!. Price «(. each. 




STAMFORD'S PROJECTION SESIES. Unilcrm to bIk, pries, is. 


/ 


The OXFORD SERIES at OUTLllTE MAPS. BIk, ifl Inoheiby IL 


EdwaiA Stanford, 55, Charing Cross, London. 






Bianforb's gtagtams of |tataral pistmrg. 



m DlAgraDU, wmplled b^ Ch« en 

ttl BlylE or on. The ^rln cm 
\y be mouDl-'d ip one ^betl. or 



nt Sdentitic Msi whMenunei 
anire. Hid ilw PUies bee bee 



Characteriatic Britisli Tertitiry PosailB. Bj J. W. Lowet, E.R.G,S. 
J. IV. Salter, A.I-S, F.Q.S., uid a. Woouwinu. 



Tha Vegetable Kingdom. By a. Hesfskt. 

The OrdeTH and FamiUes of Mollusca. Ht Or. WoonwjRn. 

Hyriapoda, Arachnlda, Crustacea, Annelida, and Butozoa. 



Iiuecta. Dj- Ai 



British Sedimentary and Fosailiferoua Strata. Hj H. 



^rbing's Improbtb (ffatctbisiiis. 

BiTED Br ROBERT JAMES MANN, M.D, F.K.A5, F.E.Q.S., Ute Eopw- 
LDdent of l^ncaciuD Id NubiL Price 9d. eticli. 



JbvisB AVTIVHTIRS. 



Edward Stanford, S5, Charing Cross, London. 
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U OH JURSIMC if BCTK • 

Oticite 



on 
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JLiimms- 'm!7~ siiuiix*k. 
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n rrta^^ « tu. Ciitsk jick Mat a^^ 2 
aomrfi^ I '■'iu 311:11. 4h!k. 



ir li 



of AHTBCAXS, 

' ^ and Use* after 
the set. Sic 6<1 ; 
~ m leather, and 



U.9d. 



\r 



ULltf. 



Ofcr ..■-xVTi if If •.?* Jai2 Ar: 
<m;.^ .'c i^oc»a.a;. «r H- p«< for ( 






PcsucAnoQES, see his Gesxsal 

^CCATIOSAL CaIAIX)GI7S, ftc^ 



Mwmril StanfioA, S5, ^SbsKnn^^usm&^AA^iSss^ 



/ ^ 



/v. 



C^ iritisk IPanfactoring |nbns 

bj G. PHTTiTiTPS BSTAH^ PJCS., < 



The Saries comprises tkefoUtncing Volumes^ price 5^. 
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